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SECTION 1

INTRODUCTION

Hydrodynamics has in recent years given impressive results in
the solution of flow field problems by making simplified assumptions of
steady flow relative to a moving body. This aspect has appeared in many
physics codes attempting to solve the problem of the rising fireball.
However, because of computing considerations, flow fields have generally
been ignored in large system codes such as RANC and others. This has

meant errors in energy deposition and a resulting ghost fireball problem.

A solution to these problems for system codes is presented here.
By modeling the hydrodynamic flow using the simplified assumption of steady
flow, the detailed particle motion can be specified in the flow field.

This model is a result of advances that have been made in the
understanding of fluid particle movement by studying the deformation of
"drift'" of material surfaces. Sir Charles Darwin (1953) has drawn impor-
tant conclusions about the movements of individual particles in irrotational
flow of fluid around hard objects. Darwin considered an infinitely thin
plane of fluid at right angles to the motion of the sphere and asked what
the final displacement of the plane was after the passage of the sphere.
This final displacement is the total drift function.

Darwin's method has been used to calculate the position-time

history of the particles of fluid as they move around a rising fireball.




To solve the rising fireball problem, it is assumed that the
fluid is incompressible and the flow is irrotational, that the fireball at
any instant is a perfect sphere with no entrainment. This reduces the
problem of finding the velocities anywhere in the field outside the fire-
ball to one of taking the gradient of a velocity-potential for an incom-
pressible fluid, the motion is steady; thus the fluid does not cross

steamlines.

The velocity-potential ¢ can be found from Laplace's equation
with the boundary condition of no radial velocities at the surface of the
sphere and zero velocity at infinity for a fluid moving around the sphere.
The velocities and positions are found for a coordinate system fixed with
the sphere. A Galilean transformation then gives the position in a frame
fixed with the fluid.




SECTION 2
MATHEMATICAL METHOD

FLOW FIELD CALCULATION

Consider an infinite thin plane of fluid at right angles to the
motion of the fireball vortex. It can be asked, what is the final shape of
the marked fluid plane after the fireball has passed through it. It is to
be expected that the part of the plane nearest the spheroidal fireball is
moved the greatest distance. The fluid contained between the initial plane
position and its final position equals the "hydrodynamic mass" or '"virtual"
mass associated with the body's motion.

To solve the problem of what happens to the displaced fluid
particles requires that the streamlines be determined and also the time
at which each fluid particle reaches a given point measured from some fixed
reference time for the particles—in this case when it passes the plane at

right angles to the center of the spheroid had it been an undisturbed region.

In a coordinate system fixed with the fireball, with 2z parallel
to the direction of the flow and the reference point defined as z =0, then
we require solution of the equations

dt=%3‘-=%x=%5 1)
X y z




t-z/u +0 as z » -®

where v is the 2z velocity and an undisturbed stream flow has the value

The velocities e vy, and v, are found from
)

v, =

where ¢ is the velocity-potential solution of Laplace's equation.

This definition implies that far upstream material planes at right
angles to the stream are planes of t =constant. This is the classical
"drift function' discussed by Darwin (1953).

Consider flow past a spherical fireball vortex in which the velocity
field far upstream from the obstacle is defined as

.. V(x,y) vy o0 W 0% (2)

The stream lines of the flow can be represented by equations of

the form
x = x(x0, Yo, 2) y=y(x0, Yo, 2) (3)
where
xo = lim (x) ’ yo = lim (y) . (4)
Z+> - Z+ -®
6
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These are solutions of Equation 1. The solution for the variable t is

z
2 1 1 '
RN | {m.y—o.a':; G (5)

where v is the z component of the velocity on the stream line given by
Equation 3, and u is the undisturbed fluid velocity.

Given a point in the flow field outside of a sphere, the drift
function can now be determined.

The drift function t” at a burst time T can be found by sub-
tracting the actual time difference AT between the calculation time T and

the burst time T”. Once the new drift function t” is known, a new position
can be found from it.

Using polar spherical coordinates r, ©, ¢ fixed at the center of
the sphere, the Stokes stream function, LAMB (1932), is given for umit
upward velocity as

p: = r?sin%0 (1- a’/r?) (5a)

where a is the radius of the sphere, y is equal to zero. It should be
noted that pg - x as x =+ o,

The solution for the drift function t can be obtained from either
of the coupled ordinary differential equations

de = L. dri’ (6)
v a
r u(l -—3-) cosf
r




and

a6 & rd6 S rde3 %)

Ve u(l + a—s) sin®
r

and on any given streamline

t+r/u+0 as 6-+mw . (8)

Although Equations (6) and (7) are hyper-elliptic, useful expressions
can be obtained for large and small values of pp/a.

For large po/a, Stokes stream function can be expanded in powers

of a¥/r? as

3
#;—%(1* % %,- sin®0 -;i 2. sin®s +) : 9)
0

O

Using this expansion, Equation (7) can be expanded to give

00dB ( 3 a® TR 315 a'* . .
udt = - ——— (1 + = — sin 6-—sm 0+ = sin®®8 +... 10)
sin 8 pg 03 128 pxz ) (

Integrating, yields

= po CotB +

)W

m m
6 9 12
s fsin“de - %J'sin7d6 32 = J’sin”ede- ox A
Oo 3 0 o 5

The limits for the integral satisfy Equation (8). This series evaluation

converges for all 6 with the value po/a>1.375.
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The total drift function z(py) from Darwin (1953) is given as;

o

a

o s 3m a' (32 315 alt (631r)
Z“’”'ii“; (ut-z) = 3 03 ¥ of (357) * 128 orr \256 (12)
It should be noted that for any streamline
t(8) =2t(m/2) -t(w-9)
and
Z(po) =1im (ut-z) = 2(ut - lim (ut-z)
6->0 ( )(9377/2 8+
= Z(ut:)e= /2 (13)

For small values of pg/a each streamline is divided into two
parts. Part one for 6 near 0 or m , and second one on which (r/a-1)

is small.

When O is near T, then -secf = 1+% sin?0 in Equation (6) and
using Equation (5) gives the value of

2 2
1 P r?/al 1 1 P
ut=-r+——-——-3a 1+§;g-

(r/a)?-1
2
[} r/a-1 S ( _D ) -1 J3 '
D el T i e b g
(14)

For the case when 6 departs from 7T (or 0), (r/a-1) is small
and the following approximation can be used.

2
o
:, = %a + % —aQ- cosec?® . (15)
14—
2r?




This then gives the result

2
o)
ut = %Z(po) +% a (1 + -—-1-) n tan(-;? 0) - %‘f cotb cosecH . (16)

The value of the total drift function is then found from Equation (16) and
(14) to be for small (r/a-1) to be

2
z(Po) = wa|l+ — ) In—==- |2+ —— )a
thls ( 3a? Po 33

2

(J_’_;-_ -1) gg . (17)

Equations (12), (13), (14), (16), and (17) can be used to calculate
the drift function t for any given value of pg , r and 6. For 8 > 5/67
Equation (14) is used. For 1/2 m <6< 5/6 m and r/a<1.5, Equation (16)
is a good approximation. When 1r/a>1.75 Equation (11) is valid. The gap
between 1.5 < r/a<1.75 can be filled by interpolating Equations (16) and
(11).

Lines of t =constant drift function values are plotted in Figure 1.
The horizontal lines were initially at right angles to the motion of the
sphere. They are distorted around the sphere as it moves through the fluid.

The plot was made in a coordinate system fixed with the rising sphere.

The lines of constant drift function show in detail where every
particle is and when it is there. For example, if in polar spherical co-
ordinates, a point is given as r=1.6 and 6= - m/4 , the corresponding
drift function can be found, which is say + 2.0, scaled to a unit fireball
with unit rising velocity. It is requested to know where the point was
3.5 seconds before. This would put it on a drift function plane of -1.5
seconds, with the same stream function.

10




DRIFT FUNCTION

; 2.00 [T m T m m x
p0=0.1 ¢ 5 .;s 1.0 1.5 2.0
. t=-1.5
ﬂ 1.50 | -
-1.0
1.00 =
-0.5
0.50 L -
F 0.00 t=0.0 ¢
{
| g
>
L‘ E _0.50 = 0-5 -
-1.00 1.0 _
3 ‘]-50 = ].5 -
1 T
-2.00 - 2.0 >
-2.50 |
i 57 Fe T.50 00 250 3.00

1 X-AXIS

Figure 1. Plot of drift functions t and stream functions y for a
unit sphere in a unit flow field. Coordinates of the inter-
section of t and y are stored in the table XX in
Subroutine CIPHER, where ¢ = 172 po2.
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The corresponding new position at a time of -1.5 seconds can be
i found by inverting Equations (11) to (17), or more conveniently, a table

‘ of solutions of Equations (6) and (7) can be made for different stream
functions and drift functions. Since both the stream function and drift

; function values are known, the solution can be found by interpolating from
the table. Only one of the solution-variables r or 6 need be stored

since the other can be calculated from the constant Stokes stream function
Equation (Sa).

To generate the table that inverts Equations (11) to (17), the
coupled Equations (6) and (7) are solved numerically in the form:

dr _ a

- Rl (1 - —ra) cosb (18a)
do _ a_\ sind

g, (1 .« 25 ) ! (18b)

where the rise velocity and radius a are both taken as unity.

Numerical integration of Equations (18a) and (18b) gives the
position of the particle in the flow field for discrete times. The numerical
method used was that of Gear (1971). The Gear algorithm is useful for solving
stiff equations. It uses an Adams Predictor-Corrector method with the initial
values generated by a Runge-Kutta method.

The polar spherical radial coordinate r was saved in a data table
for each discrete time t and stream function { , where

V=3 risin? (1 . %) ; (19)

12
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Thus for a given ¥ and t, T can be found by a table look-up.

Then 6 can be found from the inversion of Equation (19) using r and ¥

0 = sin ' (20)

Thus, the position is specified. The table look-up and interpolation is
done in subroutine CIPHER and the outputs converted to fireball centered

Cartesian coordinates.

Once the positions (zq, xq) in fireball coordinates is known, a
simple Galilean transformation gives the position (Zf, Xf, Yf) in a coordin-
ate system fixed at the position of the initial burst,

Zf = Sr1 - VR+ zq (21)

where Sr; is the slant range between the initial burst position and the

present fireball position, V, is the fireball rise velocity, and z_ is the

R
z coordinate fixed at the initial burst position. Coordinates Y. and

Xf remain constant under the Galilean transformation in the z dirgctiOn.
The point defined by xf, Yf, and zf , in the initial burst position
coordinates, is then rotated to the earth centered Cartesian coordinates.
The vector position in this new frame is then added to the vector position
of the initial burst giving the new vector position of the point in earth

centered Cartesian coordinates.

The trajectory of the particles in a frame fixed with the stationary
fluid are plotted in Figure 2 for some typical values of po(= .5, 1.0, 1.5,
1.8). From the figure, it can be seen that as the fireball passes the point,
it is at its maximum lateral displacement. It should also be noted that as

the fireball passes the point, the point takes on a retrograde motion.

13
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SHOCK DISPLACEMENT CALCULATIONS

The shock displacement is calculated after the point has been
moved back in time to a burst time. It is assumed that the shock arrives
instantaneously at the point of interest. This is a zeroth order approxi-
mation and will be changed to include the shock arrival time and shock
duration. For calculation times long enough after burst time for shock
traversal of the point, this assumption causes only a small error because
of two facts: 1) if the fireball is very far away from the point, the
shock displacement time is greatly in error, but the actual displacement
is very small, 2) if the burst is close to the point, the timing error

is small and the shock displacement is large.

The distance from the initial burst position to the point is
scaled to dimensionless coordinates using a modified Sach's scaling
a = .345 (wKT 5%)1’3 i
where WKT is the yield in kilotons, P is the pressure at the point of
interest, Py 1is the sea level pressure, S; 1is the height of the point
above (+) or below (-) the firebaill, Hs is the scale height. This
expression reduces down to

SI/SHS
a=13.6 RHo e

where RHo is the initial fireball radius at the end of the radiation
phase.

Based on a fit to a RADFLO run (5KT at 9.15 km), a shock displace-

ment AX in scaled distance is given by

AX = 0.096 (A" (2+A7))"!

A + AN is the final position in scaled units.

where A~

15
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SECTION III

CODING CONSIDERATION FOR FLOW FIELD CALCULATIONS

CONTROL OF CALCULATIONS BY SUBPROGRAM HYDRO

The above mathematical method of calculating particle movements
in the flow field around a rising fireball has been coded into eight sub-
programs for use in ROSCOE. The controlling routine is HYDRO, which is

called with a given time and position.

Previous to a call to HYDRO, a call has been made to the burst
environment module (PMDS) which sets up the vortex radii at the initial
times and at the calling time. Also saved are all the fireball vortex

positions at that time of call.

Given the position of a point, the time and pertinent fireball
positions, HYDRO makes a call to subprogram EDITX to determine which bursts

affect the given point.

EDITX begins the loop over all existing fireballs including those
created by a hydromerge. If the burst was created by a hydromerge, it creates

the initial vortex information for the merged fireball. It then calculates

the distance of closest approach to the line connecting the initial fireball
center and present center. If this radius scaled distance is greater than
1.8, it rejects this fireball for consideration. If the time it takes for
the fireball to get to the point is very large, the event is rejected. If
the point is more than a radius on front of the fireball, the burst is re-
jected. For all bursts accepted as influencing the given point, a count is

kept (=NAI) and the fireball index is stored in the NCAG array.

16




HYDRO then begins to loop over all the bursts including bursts

created during a hydromerge. It starts with the most recent burst time
first and does the calculation back to this time. It then does the shock
displacement calculation. It saves this new calculated position and puts
it into the output array if the time was a burst time and not merely a.
merge time. The saved new position is now used to regress the calculation
back to the second to the last occurring burst. This new position is saved
and used to continue the calculation back to where the parcel was for the

first burst before the arrival of any shock waves.

For each regression back to a burst time, an inner loop is made
over all the fireballs that will influence the point during this time
increment. After the time regression goes back beyond the burst time of
an event affecting the point, this event is removed from the NCAG array,

and the calculation continues with the remaining influencing fireballs.

When multiple events influence the point, the individual dis-
placements from each burst are saved. After the inner loop over all
influencing events is completed, a vector sum is made of all the individual

displacements.

A check is made of the influencing fireball type flag KINDF to
determine if the fireball is active at this time. If it is not active,
i.e., has been radiation or hydromerged, then it is not used to calculate
the change in position of the point PXYZ. After the calculation regresses
back to the time of the merge for this fireball, the burst is used to

determine the position.

17
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CRITERIA FOR EDITING FIREBALLS

Before a flow field calculation is performed, a call is made to
an editing routine. This routine loops over all the existing fireballs,
active and inactive, and determines which fireballs will affect the given
point. All fireballs that will ever have an affect on the point are stored

in array NCAG.

If the distance of closest approach to the line of centers between
the initial burst and present fireball position (scaled to the fireball)
radius at the calculation time) is greater than 1.8, the fireball is rejected

L 3

as not affecting the point.

If the point of interest is more than 1.5 radii above the fireball

position at calculation time Or 1.5 radii below the initial burst position,

the burst is rejected.
SINGLE BURST CASE

For the single burst case, when EDITX returns NAI equal to 1 and
NCAG(1) equal to 1, subprogram HYDRO begins the calculation of the effect
of burst 1 on PXYZ. The burst will always be active since there is only
one burst. Also the calculation can proceed back to the initial burst time

in one pass through the routine.

Hydro calculates the distance of closest approach, DIST. It cal-
culates the slant range Sr1 along the line of centers between the initial
burst position and the position at calling time, the slant range, S1, from
burst point to point of closest approach; slant range, Rad’ from present

burst position to point P, If the point is more than a fireball radius

yz'
below the initial burst point, the effect of burst N on the point is

considered negligible.
; 18
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The radius of the fireball where most of the influence is occurring

on point nyz is found by interpolating linearly between the initial and

final radii:

where Srd is the slant range from the present position of the fireball to
the point of closest approach, Rin is the initial vortex radius, Rv is

the present vortex radius.
MULTIPLE BURST CASE

The mathematical method for the case where two or more fireballs
are affecting a point is handled similarly to the single burst case. The
displacement calculation is done separately for each fireball. The final

displacement is the vector sum displacement over all fireballs. 1

No attempt is made to account for the change in a fireball flow
field due to another fireball flow field. It is expected that the effect
is small except in cases where the fireballs are closer than .5 fireball

radii.

19




SECTION IV

DESCRIPTION OF SUBPROGRAMS

Subroutine HYDRO is the main ROSCOE subprogram for calculating

the particle time history in the flow field around a rising fireball.

Fireballs are edited as to their effect on the given point by
EDITX.

Subprogram SYZYGY calculates the drift function t (=TOUT) for

the initial given point.

Subprogram CIPHER calculates the position of the particle at a

given drift function and stream function.

Subprogram SCHCK calculates the shock displaceiient of a given

point by a given burst.

20
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Description of Code HYDRO

Purpose

Subroutine HYDRO calculates the position of a given point at a

given time at all burst times previous to the given time. This requires

that the code run backwards in time.

Formal Argument

Inputs from Labeled Common

Block

/RADDAT/

/EVXDAT/

/EVENTX/

/GEOTD/

Inputs to Subroutine HYDRO

PXYZ(I) = 3 word array of coordinates x, y, z in cm.

Earth centered Cartesian with x through Greenwich

Variable

XIN(3,1)
XEV(3,1)
REIN(I)
REV(1)
VRZ (1)
NUMX
TSIM

NF

TB(I)
KINDF (I)

Description

Initial vector position of event I (cm)
Vector position of event I at time = TSIM (cm)
Initial vortex radius = 4* RHZERO
Vortex radius of event I at time = TSIM (cm)
Event rise velocity magnitude (cm/sec)
Number of real events
Time of calculation (sec)
Total number of events at time = TSIM
includes hydromerges
Burst time of event I

Flag to indicate type of event

1 spheroidal

2 spheroidal, pressure equilibrium

21




3 torus

4 merged during radiation phase

5 merged during hydrodynamic phase

MRGID(I) Flag to indicate index of merged events
TCHAR(I) Characteristic time for merged events
/SAVEVX/ BUFFR(15,1) Initial event radius for the Ith event to

which all parameters are scaled (=RHZERO(I))
in common block/EVENTX/
Qutput from Subroutine HYDRO
Formal Arguments

XARAY (3,N) Vector position array for point PXYZ at all previous events
(N=1,NVMX) (cm)
MODE Flag to indicate significant fluid movement

1 fluid has moved

0 fluid has not moved significantly

External Subprograms Used in HYDRO

Name Information requested/description

EDITX Loops over all bursts and selects those that will affect
point PXYZ

SYZYGY Gives the time since the point passed the center of the

burst (+) or the time it will take to pass the center of
of the burst (-), scaled to radius of fireball

CIPHER Calculates the position of the point for a given time in a
coordinate system attached to the burst center and in the
x-z plane. It does the calculation for a unit vortex
radius and unit velocity.

EVENAD Performs the vector addition of point displacement resulting

from the multiple burst interactions.

22




SCHCK

ROOTT

DISCAP

S o ol o

Calculates the shock displacement from each burst on the
point at the burst time.

Calculates the time at which a given stream function crosses
the zero axis.

Calculates the distance of closest approach of the point

to the line connecting centers. Calculates the needed

slant ranges.

External Utility Subprograms Required

Name
Vector package
LOCLAX
XMIT
XMAG
SUBVEC
VECLIN
MATMULT
DOT
UNITV
CROSS
CROS1
PROJ
LOC1
FDIV
VECSUM
EFCGEQ
GEOEFC

Generates transformation matrix
Copies vector A to B

Gives magnitude of vector

Subtracts two vectors

Adds two vectors

Does matrix multiple

Does Dot product

Finds unit vector

Finds cross product AXB

Find cross product and normalizes to 1
Finds projection of A on B

Find SCM address

Prevents division error abort

Vector sum

Transforms from xyz to geographic coordinant
Inverse of EFCGEO

23




NAME

PXYZ(3)
XARAY (3, 1)
MODE

TIM

TSIM
XSAV(3)
M1

L

NAI

MiA (1)
NRUN

NX

K

X0U(3)
KFF
TOBIO
TB(K)
DTEL
NCAG(10)
NN

KINDE (10)
TCHAR (10)
PSI
VNORM

b

GLOSSARY OF VARIABLES

Roscoe Routine HYDRO

Description

Input vector position

Output vector position at each burst time of Index I
Flag to indicate significant flow field movement
Calculation time local variable

Global calculation time

Local Var., vector position array

Flag to indicate data is saved for fireball vortex
Running index for burst index contained in NCAG
Return from EDITX, Number of burst affecting PXYZ
Array of flags indicating data saved for burst I
Dummy running variable for DO 1000

Number of bursts up to time TIM

Index of burst starting with last burst first

Local variable, array of vector position

Flag whether index K is for real burst or merged burst
Local variable set to the burst time or merge time
Burst time from/GEOTD/

Time difference between present time and burst time
Array of burst indexes affecting PXYZ

Running index of burst affecting point PXYZ

Array of flags describing fireball type/GEOTD/
Characteristic burst or merge time for each fireball
Stream function

Speed of fireball in effective vortex radii/sec
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TZ

SR1
S1

DIST

R
XIN(3,1)
XEV(3,1)
RAD
REV(I)
SRD

RH

RR

PSI

VRZ (1)
TRELX
XF

YF

ZF

XQ

2Q

D(3)

CVEC(3,N)
UVEC

NRA
NCARB
NCB

POF (3)
NUMX

Relative time since passage of point past fireball (normalized
by R)

Slant range of initial position to present position

Slant range from initial position to PXYZ on line connecting
centers

Distance of closest approach of PXYZ to line of centers
Radius of vortex near PXYZ used to scale distances

Initial position of fireball vortex

Final position of fireball vortex

Slant range from fireball position to PXYZ

Radius of vortex at calculation time

Slant range from fireball to point of closest approach
Normalized distance of closest approach

Radius normalized RAD

Stream function in unit velocity field

Speed of fireball unnormalized (cm/sec)

Time difference scaled to fireball with unit rise

X position in fireball centered coordinates of point PXYZ

Y position in fireball centered coordinates of point PXYZ

Z position in fireball centered coordinates of point PXYZ

X positions of point at new time TIM

Z positions of point at new time TIM

Vector position of point PXYZ in initial fireball coordinates
multiply used

Array of vectors from initial fireball N to final fireball N.
Transformation matrix from XYZ to user frame

Row size of matrix

Column size of matrix

Vector column size

Vector position in burst centered coordinates at time = TOBIO

Number of actual bursts
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i
1

SPOU(3,N)
TMBU(10)
NCOT
ALPHA

Local array to store positions
Burst times in descending order
Total number of print times
Shock scaling parameter
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Description of Code EDITX

Purpose

This subroutine loops over all existing fireballs at calling time

and determines which fireball will affect the given point.

Inputs
PXYZ(3)

Inputs from Common
XIN(3,L)
XEV(3,L)
TB(L)

Outputs to Common
NAI
NCAG (I)

Externals used
DISCAP

Method

Vector position of point

Initial position of fireball L
Final position of fireball L

Burst time for event L

Number of bursts interacting with point

Array of burst indexes interacting I=1, NAI

Calculates distance of closest approach

EDITX is a simple routine which is called every time HYDRO is

called.

It loops over all fireballs and calculates the distance of

closest approach of the line connecting centers with the given point. The

calculation is done in DISCAP.

29
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Criteria

from the line connecting centers.

tion or 1.5 radii below the initial position. The radius at call time is used.

Glossary of Variables 3

Name
PXYZ(3)
NAI
NCAG(L)
L

NX

SR12
CVEC(3,L)
XIN(3,L)
XEV(3,L)
DIST

S1

TDIS

REV (L)
VRZ (L)

TTEST

NCO

A point is rejected if it is greater than 1.8 final fireball radii

It is rejected if it is 1.5 fireball radii above the final posi-

L i s e s i

R

B e

o

Input-vector position

Output-number of burst affecting point

Output - array of burst indexes

Running variable over all bursts

Total number of bursts

Slant range from final fireball position to initial

Vector from initial fireball position to final position
Initial position vector

Final position vector

Distance of closest approach to line of centers

Distance from initial position to point of closest approach
Time for fireball to travel from point of closest approach to
intiial position

Final vortex radius (event L) (cm)

Speed of rise for event L (cm/sec)

Time to go from point to 1.5 fireball radii below initial
fireball position

Running variable

30
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Description of Code SYZYGY

Purpose

This subroutine calculates the drift function TZ scaled to a unit

~ fireball radius rising at unit speed, given a position.

Inputs

R Radius of fireball

VR Rise speed

PSI  Stream function (= 172 p})
Outputs

TOUT Drift function

Outputs to Common

THETA Angle to point measured from rise line

RR Distance in radii R from fireball to point
RH Distance of closest approach in R

VNORM Speed scaled by R

XROZ Total drift displacement

TZ Drift function time (sec)

Method

See Section II
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Glossary of Variables

Name

COSEC
COTAN
ROA
RO
XROZ
uTZ

Cosec of THETA

Cotan of THETA

Equivalent to RO

= Po

Total drift function
Distance from reference (z=0)

All other variables are defined previously.
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Description of Code CIPHER

Purpose

This subroutine calculates the position of a point in fireball

coordinates for a given stream function and drift function.

Inputs
T
PP

Inputs from Common

THETA

VNORM

RH

RR
Outputs

X
Method

The coupled equations (6) and (7) in Section II were solved and the
r coordinate solution was stored in a table for 35 times and 15 stream

functions.

Then for a given time (drift function) T and stream function

Drift function

Stream function

Angle to point measured from line of rise
Rise speed in radii
Distance of closest approach in R

Slant range from fireball to point

Cartesian coordinate perpendicular to rise in R

Cartesian coordinate parallel to rise in R

PP, a value of r can be picked from the table.

33
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The X and Y coordinates are now determined from the equation

and

The sign of Y is positive above the fireball center and negative
below. Close to fireball the sign of Y is determined by finding the slope
of the stream function dy/dx. For values of X far from the sphere
function subprogram ROOTT is used to find the time at which the given

stream function crosses the zero Z axis.

34
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Glossary of Variables

Name
T

PP

X

Y
NFLAG
TI(35)
PS(15)
XX(35,15)
p
NOFF
ITOFF
FT

FP

XN

RQ
XTEM2
YTEM2
INFLG

XS

DELX
DTEL
TDIF
DNOM

Drift function

Stream function (=1/2p3)

Output - Cartesian coordinates perpendicular
Output - Cartesian coordinate parallel to rise
Flag to indicate if point has moved

Array of drift functions

Stream functions (=1/2p3)

Array of solutions for TI and PS(=r)

Local variable - stream function

is off table

is off table

Flag indicates whether P
Flag indicates whether T
Interpolation weight for T
Interpolation weight for P
Nth point to interpolate from
Interpolated solution r

X2
r2-x?

Flag indicates whether this is first or second pass through
calculation

Temporary x coordinate

Change in X from pass 1 to 2

Time difference (sec)

Time difference since it made it to edge of table

x2-24p

T [(%;_2—.},)2”42]”2)

35
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Description of Code SCHCK
Purpose

This subroutine calculates the shock displacement of a given

point from a given fireball

Inputs
X0U (3) Initial position vector
K Fireball index
ALPHA Scaling parameter

Inputs from Common
XIN(3,L) Initial position for fireball L
XEV(3,L) Final position for fireball L

Output

XSAV Vector position after displacement

Method
See Section II. It does not take into account the change in
the fireball position resulting from the interaction of one fireball with

another.

A more sophisticated shock routine should take into account the
change in position of all other fireballs from the shock passage of the
fireball under consideration. This however would slow down the calculations
considerably by necessitating a NxN calculation of shock interactions and by

causing a re-evaluation of flow field parameters for every burst.

The next order approximation will take into account the shock

arrival time and duration.
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Glossary of Variables

Name

C(3) Vector from fireball to point

SR Magnitude of C

SRLAM Scaled slant range

DLAM Scaled shock displacement

SRNEW Final slant range

XSAV Final position after shock passage.

All other variables are defined previously.
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Varriables Generated by MODEL and used by ROSCOE model HYDRO

Common Block Array Used

Block Variable Description
GEOTD TCHAR(I) Array of characteristic times for event I
KINDF (1) Type of event I, i.e.,

= 1 spheroidal
= 2 spheroidal pressured equilibrium
= 3 torus
= 4 merged during radiation phase
= 5 merged during hydrodynamic phase

MRGID(I) Flag to indicate merging
For non-merged events (MRGID(I)=KINDF(I))
For merged events, MRGID(I) units digit contains
the event index from which the merge took place;
the tens digit the event index of the second event.
The MRGID of the events from which the merged event
occurred contains in the unit digit, the other event,
in the tens digit the new event formed.

RADDAT XIN(3,I) Initial geocentric Cartesian coordinates with X

through Greenwich for the event I, with ordering
X,Y,Z, (cm).

XEV(3,I) Geocentric Cartesian coordinates of event I at the
calling time

REIN(I) Initial vortex radius (cm)

REV(I) Vortex radius at calculation time(cm)

SAVEVX BUFFR(15,I) Initial event radius for the Ith event (cm) to which

all parameters are scaled (=RHZERO(I)) in common
block/EVENTX/
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The output array XARAY is filled in time ascending order. 1

Running times for multi-event scenarios at relatively high
altitude and high energies promise to be long. A five burst scenario
with a hydromerge and radiation merge for example will run greater
than 77 ms per call with multiple events affecting the point. (Run
on a CDC 7600).
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SECTION V
SUBPROGRAM LISTINGS

HYDRO

SURROUTINE HYDRO(PXY2sXARAY,MODE) HYDRO,2

c - > = “HYDRO, 3

c HYDRO, 4

= c TH1S SURPROGRa™ CALCULATES THE TIME WISTURY OF TWE GIVEN PUINT HYNRO,S
c PXyZ AND RETURNS 1TS POSITION AT EACH EVENT TIME, HYDRO 4 6

c e S HYDRU .7

C INpUT HYDRO, 8

- €C--—— PXYI3ARRAY OF--GECCENTRIC CARTESIAN- CUURDIMATES —HYDRU,9

c HYDRO,10

c : = — HYDRO, 11
c outPyr HYNRN, 12
< (4 XARAY(3,1) VECTCR POSITION OF EVENT I AT EVENT TIME, MYDRU(13
(4 HYDRC, 14
(== s —-—— HYNK(,1S
COMMON/EVXDAT /NUMX ,NAT , XAR(3,10),NCAG(210),TSIM,NCOT,TMBU(10) EVXOAT 2
= c - = EvxDart, 3
(4 EVENTY PARAMETERS EVENTX 2
- COMMON ZEVENTXY/ NX, 1DX» TH(S50), HB(59), GLBIS0), GLB(S0), EVFATX 3
1 tPGAD(S0)» RWOB(50)) HSHB(S0)y TEMB(S0), VRISE(SO),EvirTX 4
2 i BNZERU(S0), RWZERG(SU), WUZEKD(S0), BXB(50)s - — — EVENTX,S

3 BYB(50), BZB(S0)s LWHVB(S50) ) XALPHA(S0), KALCH EVENTX 6

— e EGUIVALENCE(TCH (1) TH (1)) - e st oo = HYDRO,18
4 TIME PEPENDENT MNNEL PARAMETERS GFNTD,2

—— CUMMON /GEOTD/ NFo INDXF(50), KTF(S0)s RLF(50), mF(S0), GCF(SO0)s GFOTD,3
1 GLF(SN)» W4AXE(S50)s WMINF(50), KINCF(S0), TILTF(S0),GEGTD 0

2 ——-— AGE(50), NoTA, INDXD(100), LLAuL(100), wWOR(100), GEOTU.S

3 HpR(100), RTES(100)s PLBS(100), RE5(100), KRNBS(100),GEOTC,s

a GCBTA(100),GLETA(100),TF(S0),TLRAR(S0),MRGIC(%0), GENTD,7

S XFR(SO)sYFR(S0),2ZFR(50),ROT(50) GEOTD,8

DIWFNSICN TO8(1) HYNR(,4 20

CCMMON/RANDAT JXIN(3,10),XEV(5,10),REINCLI0),REV(10),VXYZ(3,10), HAGDAT,2

SN 1. - VRZ(10)sevec(3s10) RADDAT, 3
RANDAT 4

COMMON/GEOMD/THETA,RRy)RH, YNORM,DTEL,XROX, T2 . GEC"D,2

[+ GEOMN,3
c MATHEMATICAL AND GEOPHYSICAL CONSTANTS AR CNSTHT 2

cOuMUN /ENSTNT/ RE, PI, HALFPI, RaADIAN, DEGPRD, GRE2 CNSTNT 3

——— ... DIMENSICN PXYZ(3)eXSAV(3) s XOUC3)sUVEC(3,3),C(3),0(3),PCF(3)e _HYDRC. 24
1 SPCll(i.in),XlRlY(SoIO) HYDRC 425
COMMUR/FLCW/PSTIAC10),YNCRMACL10),TZACL10),ELVA(L10),AZPTACL10), HYDRO, 26

1 SR1A(10),81A(10),01STAC10),RACL0)sM1ACL0) HYDRO,27

. c SO R R R e HYCRO,28
DATA TRAVL/1,E0S/ HYORU, 29
- e e B s . e e et e S PIND RO g 3.0
(4 CALL UP THE ENIT ROUTINE TO eLIMINATE THE NON ESSENT]AL LVENTS MYDR( 31
c FRA» BEING CONSIODEREND IN THE FLOw FIELD CALCULATIONS FOR THE POINTHYLRQ,32
c HYDPRC,33
TInaTSIm - S SO e B HYDRO, 34

6 CALL XMIT(3,PXYZ)XSAV)® HYCRU, 3S

STRORY § SN CALL EDprYX(X3AV) HYDRC,36
13 Miel HYDRU,37
14 LInal . " o e e S e s Skl S i HYDRO, 38
16 D0 30 121,10 HYDRO, 39

28 Miacl)yso o e e Sy ot sua HYNRO,40

2S 3o CONTINUE HYDRO .41

26 - - - NCQUSO —_ HYDRU, 42

40
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HYDRO
27 PO 1000 NRUN={,NX HYDRO .43
. e 30 - . KSNX®NRUNGL - o e R LURYARD G4l
c L00P QOVER AL EVENTS INCLUUXNG HYDROMERGED Evrnvs. HYDRO,44S
[ HYDRO,ub
c HYDRL 47
¢ BEGIN e RYDRO .48
c DO MNST RECENT EVENT F(RST MYDRO .49
oG CALL XMIT(3,xSAV,X0U) — WYDRQ,S50
35 xkFre0 HYDRU,S1
b TFCKINDF(K) 4GT,3) GO TCO 60 — - m e oo - HYDRO,52
a4 4o IF(MkGIO(K)cﬁﬂ.K, Go T0 60 HYDRO,53
a6 S0 TORIODaITCHAR(K) — e HYDRO,54
50 xFFsl HYDKRO,SS
e 60 tU 80 —HYDR(,%6
52 60 10RT0=T7B (k) HYDRO,S57
54 xFfFe0 e = MYDRO,5R
sS 8¢ CONTINUE HYDRQ 459
55 DTFL STiMeTNR10 e e e e e e HYNRUY .40
57 1F ¢(NAILLE,0) GD TO 700 HYNRO. 61
e B lF(kCAG(\) £EQ.0) GO TO 700 — MYDRU k2
62 1F (ABS(DTEL) LT, 14E=2) GO TO 700 MYDRC,.63
6S 10n CONTINUE o HYDRQ (44
6S NNZNCAG(L) HY[RO46S
c it i e i e B i e 5 . HYDRO,66
4 1S NN ACTIVE AT YNIS TIME KYDRC .47
Sl G = i ~ NYDRC .68
67 1F (KINDF (NN) LT,u) GO 10 105 HYDRO, 69 :
72 TFCCTIMeTCHARCNN) ) oLTalob=5) GO TQ 105 i e eI, HYDRO 470 |
75 GO T0 685 HYDRU, 71 |
76 105  CUNTINUE = e HYDRQO, 72 {
76 MizViA(NN)Y HYDRO, 78 |
— 100 - 1F(M1.EQ,0) GO-TO 110 ~HYDRO,74 |
c HYDRU.7S |
[ 4 RESTURL all, VARIABLES FUR LVENT NN PREVIUUSLY SaVEL . HYORO,.76 ]
4 THESE VARTAHLES ake QFGENERATED FOXR EACH CalL TO HYDRO HYNRO,.77 |
c ANp NEED NOT gE SAVED IN THE MAIN OVEWLAY, . . . . _ HYDRC,78 |
c X HYDRO,479
—-.102 .. PSTaPSIA(NN) HYDRO,80 |
103 VAORMIVNQRMA (NN) HYURO,81
104 TZ=TZA(NN) PR LS e S Dapep ol S e R e NS DU S RIS KIS HYCRC,.82
108 SRYESR1A(NN) HYDRN,RZ |
107 S1sS1ACNN) . o R R SR e Sl HYDRU,84 |
111 ODIST=01STA(NN) HYDRO,8S5
SSONE | | (R RIRA(NNY __. ——_HYDROU,A8
114 MisMiA(NN) HYDRO,87
116 60 T0 200 FORESP PR SETIP TU B R R SRS e T HYDRO,88
116 119 CONTINUE HYDRU,89
4 il HYDS(,90
(4 GET DISTANCES FROM EVENT AND LINE OF CENTERS HYDRC,91
TR U] - e el et .. HYDRC,q2
4 HYDRO,93
c CAI CULATE THF DISTANCE=DISY FROM THE LINE OF CENTERS TO THE PNINT WMYNRQ,qu
c ANp THE DISTANCE=ZRAD FHCH THE FINAL EVENT PUSITICN TU THE POINT, HYDRO,9S
c HYDRO 96
116 CALL CISCAP(XINCI NNy, XEV(L1,NN),PXYL,0,88,0187,8R1) HYNKO Q7
130 ____ CALL SUBVEC(XEVCLeNM)PXYZLyC) BYDRUL9®
4]




HYORO
l!b

150
151
154
163-— —-
164

oNno

165
e

213 - -
213
215
217
223

c
c
c
[
c

227
233
235 .
2a1
2s3
260
2pt
282
263
264
266
267
27
273
217
306 650
306
32

o000

N el ——— - = 2 B s2 B

RAD3IXMAG(C) nYDRC,99
CALCULATE RADTUS OF EVENT AT TIME CF PASSAG& ———— HYNRL,100
IF(S1elT,e8,5eREVIK)) GO TU 700 HYDRL,104
s — S e : HYDK( 4102
SRpaSRieg) HYDKRC 4103
RI(REINCNN)I2SRD4RFY(NNI*ST)/SRY - o o - HYDRC,104
RSAMAX] (REINCNN) ,AMINLI (REV(NN),R)) HYDRO,10S
RHzDIST/R - -— e HYDRU,106
RRrRAD/R HYPKED,107
- ———— - HYDRO, 1 N8
PSy IS CaLCULATED FOR UNIY RAOIUS ANo VELUCIYY MYDH) 4109
e HYCRO, 110

PS1a0,5¢RH*Ru(] =1, /RRA%T) HYDROL 111
1F(PS1,67,1.90) GO TO 650 HYDRO, 912
HYDR(,113

FIND THE RELATIVE TIME - - —— HYDFO,114
HYPRO, 119

SRna=SRD et et o HYORU g16
CALL SYZvRY(R,VRZ(NN),PS],0fST,SRD,T2) HYRRC, 117
- VNORMaVRZ (NN) /R HYDKG, (18
HYDRL,119

NURMALIZE THE TIME DIFFERENCE TU AN EVENT wlTH UNIT RISE HYDRN 120
HYDR 4121

CONTINUE - e HYDRGC,122
Y“FLX'TZ-DYELtVNORH KYDROQ,123
XF20e0 - - - —— - mMYNRU, |24
YFDIST/R HYRU 125
2Fsst > e : KrYDRO .y 26
CA L CIPHFR(TRELX,PST,X0,20G, NFLlG) HYPRG, (27
1F(NFLAG,EQ.1) GO TO 650 : L I e HYDRC,128
HYDRI),129

—-——--— 00 GaLILEAN TRANSFORMATION -— -HYDRQ,130
HYDRO,131

= mbl fa == W TSR S R HYPRO,1 32

RrYDOPU,133

2FaSR1=VRZ(NN)*DTEL#42Q#R _ . . L HYOKkQ,. 134
vFexueRr HYCKC4135
CALL SUBVFC(PXYZ,XINCI,NN), o! __HYDRU,136
1F(XHAG(D) 4L T, 1, o) 0(1)=1oo. HYCRO.137
CAIL LocLAx(chctl,NN),D,l.Z,UVEC). etk ERIEE T RYDRO, 138
KRass HYDPU 4139
NCaRBs3 S e o 55 i o S i 2 HYDRO,140
NCg3y HYDRO,. 141
POE(1)aZF -HYDFG,qu2
PUF(2)2YF HYDRO, 143
PCF(3)=xF e i e e A o e i it SR el 2 RYDRO, 144
Amy HYDRC,145
T = T HYDRO, 140
CA L MATMULTCUVEC,POF,D,NRA,NCARB,NCB) HYDRO, 147
CALL YECLINCA, XINCE,NN),B,0,X00)_ ~ HYDRC,148
CONTINUE HYDRU,qu9
IF (NUMX ,EQ,1y) GO TO 700 T LBV P M HYDRO,152
Mgt HYDFQ41%3
: e S HYDKGO,154¢

SAVE THE FLOw FIELD PARAMETERS FOR EVENT NN HYDRU 4155
i e S - -HYDRO, 156
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TR &

312 ML1A(NN)amy HYCRC 4157

313 PSypA(NN)EPST - —— ---HYDR(C,1S8
318 VNARMA(ANYSVNNRM HYDRU,199
316 pIsTal(nN)eDISTY - = e NOVP041

317 RA(NN) =R HYDKQO o361
321 MLIA(NN) =Ny - e HYPRO 162
322 ) SlLa(NN)azy HYDRO,163
- 324 6An CONTYINYE—— T HYDRC,164
325 TLa(NN)ETRELYX HYDKO,16%
326 SR1A(NN)aSR1aVvRZ(NN)#DTEL - e e e HYDKND,166
332 1F(NATLEQ.1) GO TO &70 HYDORG,167
c = - HYDR(), 168
c SAVE THE VECTNR OIS°LACFMtNT CALCULATLD FCOR Evgnr NASSPOV HYDRO 169
—————— —— - m— - HYDRC,170
334 cALL lﬁ!rtl.xru SPOU(I L)) HYCRC 4171
340 GO Tu 68 e e HYDCRO,172
343 685 cankauF HYDRU,L173
343 CALL XMIT(=3,0,0,S5P0U(8,L)) e e T e - HYORC,174
351  bAp CONTINUE HYDRO.175
154 LB =} " —- -HWYDROe176
353 x*(L.GY.o) Gu Yn 100 HYDRO,177
c "'r901|78
(4 0C THE VECTOR ADDITINN OF THE DISPLACEHENTS FOR PXYZ FROM nUvaPLtnvnho.179
(4 EVENTS, - - HYDRQ,180
4 hYDRO,.181
355 . CALL EVENAD(SPOU,NAT,PXYZ,X0U) -— HYCR(G, 182
382 67n CONTINUE HYDRU,183
362 CALL XMIT(3,x0U,XSAY) — e R . em— = hYDRO, 184
367 70na CONTINUE HYDRU, 185
387 T1u=TUBIQ - — e e et s HYCRO, 186
[ hYDRC,187
AN - 1S TIM AN EVENT TIME HYORQ,188
c nYDRO,189
370 1F (XFF,EQ,1) GO TO 900 _ e e e P HYDRUL190
373 TIv=T0B10 HYDRC,191
37% NCAUSNCCUS ! s e o it e s S SRS Ak - HYCRU,4,192
3758 THaL(MNCO))ETORIO HYDRD,.193
0. . nCnrenigy -RYDPD,194
377 AlprAzqn nsanuzzno HYDRN 4195
401 CoLL SCuCK(XrU'K.‘LPu‘:XS‘V) e e iy = S e MYDR(Ce190

40u CA L XMTTe3,x5Av,X0U) MYDRC,197 j

ao? CALL XMIT(SexCUsIXAR(CLIK)) AT ke b St et S e el MYDRO,198 ]
agy CALL XMITC3oxrUsXARAY(3,K)) HYDRO,199
42% 900 CUNTINUE ~-HYDRO,.200
423 1h (NCAGENAT), ‘c.x)~A;-~A|~l RYDKO,201
'F3) LanAl = AT et atal ettt Gttt A etis R . HYDRQ 202
a30 1000 CONTINUE NYDRU,203
(4 " YN ,204
£ THE MCODE S~Ite™ IS SET TU 1 TO INDICATE THAT THE PUINT HAS HYDR(1420%

o i S UNRERGONE SOmg MOVEMENT, A CHECK ]S MADE WERE _YC CETERMINE ____ HYDRQ,206 J
c tF THE MQTIOM IS SIGNIFJCANT HYPRQO,207
(4 b o s e L e e R e RYDRQ,208
(5% ] xM130,0 HYPR(),209
(5} ) uCpE=0 T o e T R ) B PR ) HYDRG,210
ase 00 1200 pist,nCOT HYDRUL 211
436 CALL SUBVEC(XARAY(1,11),PXY2,C) HYCRC.212
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VI

T T T .

HYDRO
YY)
use2
4sa
460
461

1200

HYDRQ,213

S RYDRG L1 W
HYNRQ,215
HYDRO, 2106
HYDRU,217

XMyEXMAG (C)oxMY

COMTINUE = - - —=

IF¢XM1,6Y,TRAVL) MODES}

RETURN o - e —e
END

SUBPROGRAM | ENGTH

00652

FUNCTION ASSIGNMENTS




EDITX
SURROUTINE EntTX(PXYZ) ENITX,2 )
Lo (4 = e o e e e EDITX,3 ?
c THIS SURPROGRAM LOCPS THROUGH THE EVENTS IN STURAGE UP ECITX,u
c TO THE STMULATINN TIME, EDITX,S
c THE ARRAy OF PERTINENT EVENTS 1S STCRED IN NCAG EDITX 8
c —— - EPITX,7
(4 INPUTS EDITX,R
e —-- - THRCUGH COMM EVXDAT - EDITX,9
c NUulsTOT‘L NIUMBFR CF EVENTS UP TO Tst ENPITX,10
c TSIMISIMULATICN TIME e e EDITX,q1
c L0ITX,y2
c OUTPYTS R e e e ENTITX,13
c NCAGSARRAY CF NAl PFRTINENT EVENT INDEXES ENITX,14
—————— C- - . NAI=NUMBER OF IMPNRTANT EVENTS EDITX .45
i c EDITX,16
c ———— e ENITXey7
4 THIS RUOUTINE 1S A FIRST CUT AT EDITING THE EVENTS, EDITX,18
~-€ THE CRITERIA 1SFN ARF SIMPLE AND CAN REJECT EVENTS THAT SKOULD NCTEDITX,19
c BE REJECTED AND ACCEPT EVENTS ThAT SHCULD Bk REJECTED, ENITX,20
i = el e i v e < EOIT X2
c ]F AN svsur 19 ACCEPTED AS xrrLu£~c1~6 THE POINT HISTORV I EDITX,p2 !
c SHAULD RE CHECKED AFTER THE DETAILED CALCULATIUNS HAVE aEGuN IN EDITX,23
c SUBRQUYINF MYDRO, ENITX,24
c - e SIS EDITX,25
(4 TIME DEPENDENT MNDEL PARAMETERS GEOTL,2
e memi—— ... COMMUN /GEQTPN/ NFs INDXF(SUY, RTF(S0)s RLF(S0)s mF(50)s WCF(S0)s GEOTD,.3
1 GLF(S0)s WitAXF(50) s pMINF(S0)s KINCF(S50)) TILTH(50),GE0T0,.4
“lE AGE(S0), N3TA, INDXD(100), DLAWL(100), wOR(100), VEQTD,S
3 HPR(100), RTBS(100), RLESCI00), HRSC100)s RAES(100),GENTT,p
] GCETA(100),GLBTACLI00),TF(50),TCHAR(S0),MRGID(SV), GEQTD.7?
S XPR(S50),YFR(S0)»ZFR(50),RUT(50) GEQNTD,n
— e~ . COMMONZEYXDAT/NUMXoNAT XAR(3,10)sNCAGCLO0)pTSIMaNCOT,TMBUCLIO0) __ EVXDAT,2
¢ EvxDAT 3
COMMON/RADDAT XINC3,10),XEV(3,10),REINCI0),REV(10),VXYZ(3010), RADDAT 2
1 1 VRZ(10)sCcVEC(3s10) RADDATY,3
N Tl ape z WADDAT 4
COMMON/GEOMD ) THETA,RR, RN, VNORM,DTEL, XROX, T2 GEO¥D, 2
1 PENCLNERSUSSEEER, - G e A e GEQO“D,.3
c EVENTX PaRAMETERS EVENTX 2
COumMUr ZEVENTX/ NX, IDX, THB(S0), HB(SO), GCB(S0), GLB(SO), EVENTX 3
1 1 10GAD(S0) s RLOB(50)s WSR(50), TEMB(50)s) VRISE(S0),EVENTX 4
2 RDZERO(S0), RPHZEWKO(H0), RKUZEROD(SO0), BXB(S50), EVEMTX S
3 3 BYB(50), B28(50) 0 LHVB(SO)pl!LPultbo)p KRALCH cv5~1x,o
: ——ee—ee e COMMON,/REPORT MAFFCT _NOV29QA, 71
DIMENSIFN PXvZ2(3),CC3),R(3), JDC3) P H(3) EDITX, 31
NAVELIST/FDITS/PXYZsCaloSRLR2 ST L R S e “ EDITX,32
c BEGIN EVENT LOOP EDITx, 33
) 4 A R S S e B g EOITX, 34
NCn30 ECTTX,3S
— . . _ NAppCTEQ_ NOV20A T2
3 NAgzy EDITX, 36 4
] NCaG(1) =g A N et e el - EDITX,87
] 00 1000 (31)NX EDITX,38
c AR et oo i e A A £ A i s B EDITX,.39
4 SRy2sXMAG(CVEC(1,L)) ED1TX,40
2 _IF(SR124LT741.E4)_GO _T10_1000 EDITXeul ]
45




16

16
3
rrin
36
a3

s2
50
40
63
67
73
74

77

102
103
104

c

C - —— 18 THIS pVENY ACTIVE I, E, NOT A MERGED-EVENY

c
aon
c

c
c
4
c
c

———-= 1D153(SRp1=51)/VRZ(L)

e s LaKala X 0. B

1000
c

CINTINUE : S e
LUAD EVENT PARAMETERS FOR THE EVENT L

WILL- THIS L-EVENT EVFR HAVE—AN EFFECT-ON POUINT-GIVEN;
BEGIn CALCULATINN
CALCULATE DISTANCE OF CLOSEST APPROACH - - - oo oo

CALL DISCAP(XINCI,L),XEV(L)L)oPXYZ(1)yH,51,0I5T,SR21) — - —
RD1S =piIgT

IF(S1aLT e1,5«REV(L))ITDIS=8RBE,
IFC(SR21eS1), L T,=l S*REV(L)ITN]IS=B555 g~ ——— e e = e mem e

THE RADIYS RFV(L) SHOULD NUT BRE USED WERE, R THE RADIUS CF THE
EVENT NEAR THE POINT OF INTEREST SHOULLD bBE USED, MOWEVER, THIS

—— - RADIUS R REQUYRES EXTENSIVE CALCULATIUN NGT UEEMED JUSTIFIED .AT _

TRIS POINY IN THE HISTCRY PROCESS,

RHgROIS/REV(L) e e e —————
IF(RR.GT 1,8) Gn TO 100
1FeT0IS.6T, 7777,) GO TO 1000

TTeSTETSIMaTR (L) 41 ,SaREV(L)/VRZ(L)

IFCTOIS.GT4TTEST) GO TO 1000 - e g e - -
nCpznCpoey

NCAGINCCyaL e o
NApanCO
CONTINUE

b Lot i LT R BN P S L S S R, R e
REYURN

END 2 S S A S s s
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EDITX,4?
EDITx,q38
EDITX, 44
EDTITX,4S
EDITx,ub
ENITX,a4?
ENITXx,uB
ENTTX, a9
EDITXx,50
ENITX, 51
ED1TX,52
E0ITX,53
EDITX,54
EDITX,55
NOVIS,.y

EDITX,857
EDITX,6!
EDITx, 82
ENITX.63
ECITX , a6
EDITX,65
EDITx,66
EDITX,87
EDITX, 0
EDITX .69

- EDITX,70

EDITX, 71
EDITX,.72
EDITX .73
LDITXx 74
ELITX,75
EDITX,76
EDITX,77
NOV20A,73
EDITX,78
EDITX,79




EDTTY

rEe N
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(2 X2}

NE W -

1

1
2
3

SURRUUTINE EDTTX(PXYZ) EPITX,2
EITX %

THIS SURPROGRAM LOCPS THROUGH THE LVENTS IN STURAGE UP EF1TX,q

TO THF STMULATINN TImt, ELITX,5
THE ARRAy OF PERTINENT EVENTS IS STOREU IN NCAG ENITX,h
ENITx,7

INPUYTS ENITX,A
THRCUGK COMM EVXDAT ED1Tx,0
NUMX=TOT AL NUMAFR MF FVENTS UP TQ TSIm ENTTx,10
TSIM=SIMULATICN TIME EDITx, g1
EDITx, 12
ouTtPyrs ENITX, 13
NCAGSARRLY CF NAD PFRTINENT EVEMY INDEXES ENITX,14
NAT=NUMBER CF [MPLCRTANT EVENTS ED{Tx g8
ERTITX, 16

ENDITx,97

THIS RCUTINE 1S A FIRST CUT al FUITING ThE EVENTS, ENTTx, 18
THE CRITERIA (SFN ARF SImPLE ANO CAN wEJECT EVENTS THAY SKOULD ANCTEDITX, (9
BE REJECTED AND ACCEPT EVENTS THAT SHCUULL ot REJECTEC, EPITX, o0
EDTTX,p1

IF AN EVENT 1S BCCEPTED AS IMFLUENCING THE PUOINT KISTORY, IV EPTTx, 2
SHNLLD RE CHECXED AFTER TME DFTAILED CALCULATIUNS HAVE BEGUN IN ECITX,23
SURRCUTINE Hynan, ErITX, 00
ERITx,2%

TIME DFPEADENT MNDEL PARAMETERS GENTy,2

COMUN /GEQTDZ MFs THOXFLSU), RTP(SU0)e PLF(50), WF(S0)s wCH(SN)s GENTD,3

GLF(S0) s WiAXF(50)) wMIPF(50) s kINFF(50Y, TILTP(SO) 000 TE 4
BRE(SN), NATa, IADXD(I00), OLAoL(100), wOW(100), WENTD
HARCI00) s RTAS(106), RLES(I00)) mASCICO)s RAES(106) 4GF T, 4
GCETAC100),GLATA(LO0),TF (V) TCrAR(5U),MKGIC(SUY, LEOTU, T
XPRESO)pYFR(S0)»ZFR(90)yRUT(SC) GFTO A
COMMON/ZEVXOBT/NUMX ) NAT ) XAK(3,10)p4CALC10)eT1SIMyNCOT,T8U(10) Evxnay 2
Evxiat 3
COMPON/RABOAT /XIN(5,10),XEV(3,10),REINCIV),REV(10),VXYZ(5010), KanGat, 2
VRZ(10)eCVEC(3,10) RANCAT Y
RADLAT (4
COMMUN/GEOMD yTHETA ,RR, BRI, VNORM , DTEL , XRUX, T2 GFHOLM0 G2
GEG"D4 8
EVENTY PapaAMETERS BVENTY 2
COuMUP ZEVENTY/ NX, DXy TH(S50), HB(50), GCB(SO), GLHB(SH), BVENTX, Y
1PGAD(S0) s RuMB(50) s WSR(S0), TEwWB(S0), VRISE(S0),LVE*TX, 4
RCZERN(S0), WHZERD(H0), kJZERN(SA), HXul50), EVEMTY .S
RYR(&0)) BEACSO) s LHVL(S0) pXaLFua(0), RALCH EVENTX &
COmMON,/REPORT M AFFCT NOvoyA 7]
DIMENSION PXYI(RINCE3)I0R(3),0C3) o (3) ENTTX, 3
NAVELIST/FOITY/PXY20CalsSRL2 ERTT, 82
BEGInw EVENT LOOP E0TTa, 83
LrITx, 34
NCn20 ECTTY 1S
NAgECTE0 NOY2 A T2
rApzy EO[ Ty, s
nCaGlY) =y EVITe, 47
00 1000 § 31sux ENITx, 33
ENITx 0
SRy AGECVEr(Y,L)) ERrTITy a0

IF(SR124LT41,E4) GO TN 1000 ERITX,ul

47




|
[
|
;
;‘

SyZvGey

—_—— — -

PSR | TR

13
16

24
26
31
a0
a

a4

72

-.-.106
126
137
142

- 1eu4
165
166
167
176
176
177
177
177
202
203
206
206

I
'

OO ONOOOOO

c
c

c
c

1080

50
100

20n .

SURROUTINE SYZYGY(R,VR,PSI,0IST,SRD,TOUT) SYZVYGY,2
————— SYZYGY,Y
THIS SUBPROGRAM CALCHLATES THE ORIFT FUNchON s T0ULT SYZYGY 4
FOR A GIVEN POINT RELATIVE TOU A SPHERE, s SYZYGY,S
SYZYGY 6
INPUTS - SYZYGY,?
R3RADIUS OF CURRENT FVENT AT TIME GF PASSAGE OF TP SYZYGY,8
VR=RISE vELCCITY - - — SYZ2YGY,9
PS1aSTREAM FUNCTIO VALUE SYZYGY, 10
QUTPUTS ] SYZYGY 11
TZzTIME CCGNSTANT CONTOUR RELATIVE YU EVENT CENTER OF Z&RO syzvey,12
= 8YZYGY, 158
cOMMON/CONST /RE,PI, THRD, PZLFD-AZLRL DZERO, TZERD,F102 CONST,2
L S e e - -CONST,
cOMNUN/GEUHD,THETA,RR RH, VNORV nYEL XROX Tl GEO"D.;
e - GEOMD,3
SYZYGY 16
DAtA P102/145707963/ - - —— —-—— e "SYZYGY 17
SYyzYGY, 18
DIST IS A POSITIVE OEFINITE GUANTITY BY THE. DEFINITION.C._ _ .. SYZYGY, 19
OF THE COORDINATE FRAME SYZYGY, 20
- e SYZYGY, 21
PST=AMAX | (PST,5,Fe7) §yzvev,2e
DIST=AMAYYI(DIST,1,) o e SYZYGY,23
THETASATANZ(DIST,SRD) SY2YGY, 24
1FLAG=0 SNEAC - .. SVZYGY 25
VNORMEVR /R SYZYGY, 26
RO=SWRT(2,0%pS1) EE EUE i TS A WU, o SYZYGY, 27
COSEC=31,/SIN(THETA) 8vzYGy, 28
COvANSSRp/DIST e st b e e e e s SYZYGY,29
RO,ERO SYZYGY,30
RH=0IST . . ___ _. SYZYGY ¥}
RR=CISTacOSEC/R SYzvey, 32
PRYNT 10A0,RR,R,ROA,SRD,PS] SYZYGY, 33
FORMAT(1xs#RR= #1PE12,5,% K=#1PE12¢5¢* RUA,SRD,pPST3 *1P3E12,5) SYZ2YGY, 34
IF(ROLLT,1,%) NGYL3S
|xwﬂz-.uuauau.(s ¢ROYROI*ALOG(US59/RU)I=2,60640,0907*RO*RC .36
1P (ROWGE, 1.5)xkot-.Ual7“/ﬂbl"5'o°lu’ﬂbl"¢’l-QOZb’FD"'lL___- (.37
IF(THETA 6T 2 617,08 THETA LT 0,52359) GU 7O 200 Sve 6Y,38
1F(RR.GT 1, 753 60 10°50 SY2YGY, 39
UTZeXROZ/2,% hbbobbr (1,4 (RUAR®2)/T, )'ALOh(llN(YNETAIZ )) NOV20,2
1 ‘.2??22190!"2'(05&C'COT‘N : e NOV20,.3
1 ®,2222*RCAna2#4COSEC*COVAN SY2YGY, 4}
123UTZ/VNORM _SYZYGY, 42
TQra72 SY2YGY, 43
1FLAGEY AR o et SN s A s A L E BRI SYZYGY, 44
l'tﬂﬂ G7.1,5) 60 TO 100 SY2YGY,4S
xFLAGlo o S TR e, || T O S T SYZYGY, 46
GQ 10 309 SYZYGY, 47
CONTINUE _ | e SYZYGY,d8
cOnTIMUE SYZYGY 49
UT73=RCA«CNTAN®XROZ e e et B o o st s S SYZYGY,S0
TZzUTZ/VNORM SYZYGY,S1
tFe1FLAG FG,1) GO TO 500 _ S IR N A a Syzvey,s2
6C T0 300 SYZYGLY,S3
CONTINUE SYZYGY,5¢

48




SYZyYgy

FLYS RRgwRR SYZYGY,5Y
Sl del - - RAesAAS(RRelly = = = SYZYGY Se
212 UT73=RRe  1p66h6n(ROCRR) a2/ (RRas3el dm 111111 a(3,eR0ee2) s SYZYLY,S7
= 1 ALCG(RAB/SNRT(RR*RR+RR+]) )@, 19245% (S, 2R(*RO)*ATAN(],735205 SYZYGY 58
2 /(1442¢%RR)) SYZYGY,59
252 RRegeRR - TR AT e S e e e T T SYZYGY AD
°S3 uTz3UTZ*p SYZYGY b1
—_—P58 - ———- Y2=2UT2/Vp— ~8YZYLY 62
255 IFCTHETA L T,PI02) T2==T2 NOV17,9
261 IF (THETA LT P102)TZ=XROZ/VNORMOTT — — e oo SYZYGY b5
266 300 CONTINUE NOV20 .4
266 TI-TZ*YNQRM — — --- —— - ~ == - BYZIYGY, 66
270 TOyTeTZ SYZYGY 87
——-271-—-—— RETURN - SYZYGY A8
| 271 S0n  CONTINUE SYZYGY 69
| 27 TZ=((RR®1,5)aTOT#(1,75~RRI®TZINYy —— - S- - BYZYGY, 70
21 TZ=1Z*VNQRM SYzZYGY, 72
300 T0uT=rZ - —- SYZYGY 738
3018 REYURN SYZYGY, T4
—--3p2- ‘ENp -8YZYGY ;75

SUBPROGRAM pENGIH— —— —

08t ——— .

49




CIPHER

SURROUTINE CIPHFR(T,PP,X,Y,NFLAG) CIPHER 2

e e et e N P R

c TH1S SURRQUTINE CALCULATES TwF PUSITIUN CF A POIAT IN CIpmER 4

g c CONRRDINATES FIXED wITW THE SPHERE FOK A GIVEN STREAM CIpmER S
3 4 FUNCTICN PP AND A GIVEN URIFT FUNCTION T (SEC) CIPHER, 6
(= ClpmeR 7

4 INPUTS CIPHER A

- —-C-—- TanRIFT FUNCTYION IN SEC SCALED TO A UNIT KESE VELOCITY,—————— (CIPWER 9
c P3STREAM FUNCTINN FOR UNIT EVENT RADIUS ahy UNIT VELOCITY CIpmEk 10
(4 ' CIPMER, 11
c OuUTPyrsS CIPHER 12
(4 XSeNORDINATE RELATIVE TO EVENT CENTER AND PERPENDICULAR TC CIpmtR, 1S
c RISE VELQCITY CIPHER 14
—————-C- - —- YS CNGITUNINaL CCORDINATE AT TIME-T IN UNITS-RELATIVE-TO————— CIPWER, 1S
c UNIT RADTNIS AND RISE VELOCITY, CIPHER 1o
c NFLAGZFLAG T INDICATE wHETHER ANY CHANGE IN POSITION nAS CCCLURREDCIPWER,17
c CIpHER 18

cOmmON/CONST /RE ,PI, THRD,PZERD,AZERD,UZERU, T2ERD,P 102 - CONST, 2

c CONST,

————————  COMMON/GEOMD ,THE TA,RR,RH,VNORM,DTEL, XROX,TZ ---bt0no.;

c GEN“D, s
c e —— e - CIPHEK 21
DIMENSION TI(35),PS(15),XX(35,15) CIPHER,22
DATA TI/a10s,=5,1"dqym5e0"e 9022401 Bymlolrml,,n,8) CIPHER 23
A ®e30mel00.00ssCreleeRrlasle3s10092002891309U,,500640849010,,14,,CIpmER 24
————— -8 16,05Rer220025¢03049404,50,/ — e e - C1PHER,2S
DATA PS/S.b=7,1,25Fes)5.E=5,1425E=8,5.E=3114125Fe2s CIPmER 206
A 20EmP)ant5,,08,001290010609e5200¢5,14125,2,017 CIPHER 27
1 DAtYa MP/(S5/,NV/35/ CIpmER 28
: - NDAYA TLAGT/®1n,/,RLASY/1,41U92/)RL2/100,06060/ s CIPHER,29
DATACXX(I)»Iz1,114)/ CIpHER 30
—— - R 50400278 Se01770s - 440287 7s. . 3.052220-.--.2,57502) —-2.,110bb,CIPHER 3}
R 1493880, 1.61192, 1434001, 1023651 1,0733%, 1,05627,CIPHER, 32
R 1403242, 1,01R30, 1.01021» 1.00312¢ 1.,00172, 1.00C70,CIPHER 33
X 1,00028, 1,00009, 1,00002,) 1400001, 1,00001, 1,00001, CIPHER 34
g R 1400001, 1.00537, 145986690 S¢39738, 7.38934, 9,58586,CIPHER,3S
3 R 13438297, 16,38204s 21,38127s 31438069, 41,38047, 10,00278,C1PHER, %6
ks e Y S«01770, 4,02878, 34052230 . 24575020 . 2,11687, 1.93680,CIPHER 37
: R 1¢61193, 1.54001, 1423451, 1407534, 1,056286, 1,0320),CIPHER, 3B
- R 1401830, 1.01021 100312, 1400172, 1.,0C070, 1.,00029,CIPHER, 39
R 100009, 1,000020 100001, 1.000020 1,00042, 1,00814,CIPHER 40
R 1:70748, 3.560u8 74529520 9¢92620r 11,52445, 195,52276,L1PHER U}
R 1B4522¢4sr 23,52159s 33452113, 43452095, 10,00278, S,01771,CIPHER 12
s s i R 4e02879. 3.0522us 2¢5750dr . 2011668s . 1,93882) _1,61195,CIPHLR, 43
R 134003, 1,2345%, 107337, 1405629 1,03243, 1,01832,CIPHER, Uy
| R 1401023, 1,003140 1.00173, 1400072, 1,00030, 1,00010,CIPRER 4S
R 100004, 1.000000 1.00034, 14006500 1.10642, 2452494, CIPKER Ub
R Ge 692, B,uS1UBr 10,06906r 12484770 16,u4ub82) 19,4uS80,CIPHER 47
R pUeUUST1y) 34,0UUR9y d4,uu4d73r 10sCNRY0 5,0179%, 4,029CA,CIPKER L3
3 St et s (R 3405262/ 2457549, 20115227 - 1093939 __ 1,61260¢ _ 3434073/CIPHER, 49

8 DATA(XX(1)r12115,22R)/ CIPHER 50
1623522, 1.07395, 1.05684, 1.03294, 1,01879, 1,01068,C1PHER 51
1,00357, 1,00217, 1460118, 14000860 1,00101, 1,00268,CIPHER,S2
1401030, 1.14920, 1¢76042, 240657738, 4,60878, 6,59656+CIPKRER ST

10058945, 12,5RB12¢ 14sSAT30, 18458638, 21,586009) 26,5R562,C1PNER SU

3645855R, U6,58513s 1040032Bs-  5.01869s - 4,035000, - 3,053883,CIPHER,SS

DO DO

50




CIPHgR

2¢57690, 211690, 1094119, 1eb16h4y 1434290, 1,23738,CIP~ER 56
107578, 1,056%9 1408454, L2030, 1,01213, 1,00907,CIPrER 47
1400382, 1.00335, 100432, 1,00945, 1.,05437, 1412317,C1IPHER 96
1eh9081, 2.57511¢ 3453763, Seb1528, 7.509%43, 11,50009,CIPHER S9
13,49899, 15,0982R, 1949745, 22449709, 27,u49672, 37,49637,CIPHEP 60
47449620, 10,00390, 54019938, 4403154, 3,05584, 2457924, CIeHER b1
261199, 1.94418, 1:61803, 10346535, 1,24090, 1,0788U,CIPHER b2
1006152, 1.,03727» 1002291 1001472, 1.00811s - 1,00750,CIPnER A}
1400919, 1.01535, 1403923, 1013519, 1.35P0u, 2e13303,C1PmER m4
3007561, 4a05174r he03393, Be27470r 12,02270, 14,02165,CIPRER &KS
16402095, 20.02011¢ 23e019738, 26401934s 3R, 01RG4, 4B,01875,CIPHER b6
10600478, S.02167¢ 49033700 3.05665, 2.58255, 2e12359,CIPHER K7
1+94RYT, 1.622770 14351600 1024000, 1,0831R, 106971,CIPHER 68
1eNdiDy, 1.0267us 10018660 -— 1043583y - -1,0106359) 1,021354/CIPHER, 69
DATA(XX(1)e1=2229,342)/ CIPRER 10
1,03949, 1,10053, 1,28610, 1,60857, 2,47147, 3,UP2785,CIPHER T
4440937, 6.39435, Be38RUTy 12438365, 14,38278, 16.58205,CIPKER T2
20438115, 23,38074s 28438029y 308437985, 4R,37959, 10,00727,CIPHER, 73
5,02662¢ 4,n3984, 506667, 2459195, 2.13472, 1,965028,CT1PHER T4
1063627, - 1,36608, 10260420 - 1409592. - 1,07808, 1,05811,CIPHER, TS
1,03877, 1,03171, 1403332, levdedsS,  1,07264, 1.13699,CIPHER To
1029189, 1.60949, 2401560, 293661, 3.90663, 4489223,CIPHER, 77
6487916y 8,8734br 12486855, 14486732, 16,8064, 20,86533,C1PHER, T8
23486479, 2B,B641%, 3B,R6352» UBeB6E3IGY 10,01077, SeU33S5.CIFKER 79
4e0ulys, 3,077860 2460501 2el15021, 1,97687, 1.65507,CIPHER RO
16386133, 1.2807%, fellludy - 1409627¢ . {,07114, 1405772, CIPHENR B
105329, 1.06916, 1409232, 115617, 1.27046, 1,4Q9754,CIPHER _BQ
1¢870n5, 2.309200 3,2uB78, 4e22508, 5,20970, T419660.CIPHER 83
9¢1904%, 185,1PA7ur  15.18323s 174182140 21,1806R, 24,17996,CIPHER R4
29417912, 319,1781h6s U49.17763s 10401526, 5,064245, 405944, CIPNER 8BS
3,09220, 2.62174s 2016999, 1699504y 1.67905, 1.41229,CIPHLR BB
1¢306RR, 1.,13916, 1012080¢ _ 1409603, . 1,084S5, 1.08440,CIPHER BT
1e12078, 116129, 1426093, 1041029, 1,67648, 2,0R02U,CIPHER B8
24526324 3,u47281, GauuBoby Sek3dde, 7.420300 9441527/CIPHER RY
DAYACXX(1Yy1=343,u56)/ CIPHER 90
13e40buus  15,u0455, 17440316 214401260 24,U0029, 29,39916,CIPHER 91
3939783y 049,39707¢ 10402075, 5405330 4,07287, 3,10963,CIpnER §2
.. 2e64205, 2419596, 24023672 . 107080b¢ 1.44385, 1.33891,C1PKER 93
117047, 1.15211 1012824y 1011955 1.12U96, 1418233,CIPHER Q4
1423973, 1,56519, 1453785, 1082478 2424095, CebQ1TR,CIPKER 9%
3,640900 U,b14bBy Seb0004d, Te58423, 0,57601s 13.567758,CIPHER Q&
1556537, 17,563b61r 214561160 24059990, 29,55840, 39.55661,CIPHER 97
49455567,  10.,034700 Se08082¢ delobbde 3.15360, CebQ513,CIPHLR 98
2¢25400 2.08778¢ 1478056 19523160 1,42013, .. 1.25288,CIPHER, 99
1423590, 1.214200 1.21208, 1022862, 1,32137, 1439935,C1PHER 100 E
1455413, 1.7481K, 2405077, 2ol738), 2,92530, 5.86997,CIPHER 101
u,Bunso, 5,822169 7.80141, 9479000, 13,77791, 15,77434,CIFKER (02
17e¢771603e  21.7R779¢ 244765775 29,76335) 39,76039, 49,75866,CIPHELR, 103
10605262 5.,11599, Ue15013, 3420929, 2.,75753, 2452925,CTPHER 104
2416791, 1.87086, {e62244, 1e522h% 1.30017, 1080346, CIPHLR 105 3
1+32%85, 1.329200 10353538, 146565, 1,55254, 1,71711,CIPHER 106 B
191557, 2,218700 2163812, 3408465, 4,02019, U9RI6T,CIPHER 107 3
Se960u9, 7.93501, 9,91738, 1349003540 15,89520p 17.89126,CIPHER_ 108
210PR563,  2u,8826U4r 9487903, 39,87459) 49,87196,) 10,11457/CIFFER, 109
DAYA(xX(1))12457,525)/ CIPMLR 110
e st o s i Se2362B8, . 4,29710,._ 3439566, 2497102, 2,57531,.__.2,42845,CIPHER 111}

VDOV VVVIT DIV DI VYNNI VDODVIUVIYDIDIVIYDODODDO

Al e

VYDV OVVVIODVDIDYVDVDOIVDOD
el s

sk
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i o

CIPHER
R 2416152, 1.94138) 1089344y 16711710 1.69R02, 1,6R604,CIPHER 112
== R - 1069475, 1.72397 10241037 - - 14920309 2,08317) - 2,26R95,CIPHER 113
R 2055155, 2.94u%6 34368310 4ecb789, 5.2062%, 6,1A499,CIPHER, 114
- R B8e11373, 10,08333, 14,04R99, 16403888, 1A,05018, 22,01852,CIPHER, 1S
R 2501105y 30,0042nr 39,99458By W9,9RHBB4r 10,20067, Se4N025,CIPHER 116
R $e U909, 3.6016%) 3.24707, 2¢88767» 24756149 2¢52068,CIpvnER 117
R 232974, 2.7254Su 2¢13509, 2e123817, 2.11468, 2412328,CIPHER 118
—— = -R — 2414947 ~ 2,25228¢ 20326990 200bUTBr— 2,h2%uYy— 2,8R317,CIPHER 119
R 3e2U42650 3.630230 UeUBIQA, Se89U16 6,32867, 8424501 ,CTprER, 120
= R 10e19420, 14,138592, 16411770, 18410355, 22,00299, 25,07190,CIPHEN 121
R 30605837, w0,04150¢ 50403140/ CIlpHER 122
= Aestine L G e . CIPHER 123
c REGIN INTERPOLATION OF X IN TABLE AT TIME T AND STREAM PSI, CIPMER, 124
c = —~CIPHER 12S
INpLGEQ CIPHER 126
G20 P=pP e —— e CIPHER 127
11 10 CONTINUE CIPKER 128
11 NFL AGRQ - = S CIPHER, 129
12 NOgF=0 Cl1PHER, 130
——-42 —-—— 1F(PeLTapS(1)) NOFFEy CIPKER 131
16 IF (NOFF EQ,1)PePS(Y) CIPHER 132
21 00 200 mnz2yNp e e ————— - ClPHER 153
23 N2gN CIPHER 134
20 IF(PoLEPS(NMYY GO TO 210 - ———— CIPnER, 135
27 200 CONTINUE CIPHER 136
——=Ff- o L INUpFR2 -~ CIPHER 187
32 2ta CONTINUE CIPHER 138
33 FPa(PS(N2)=P)/(PSIN2)*PS(N2e1)) — — — - e e CIPHER 139
4 CIPHER, 140
= ¢ THERE NEED Bg NO RESTRICTIONS ON FP 1F THE INTERPOLATION ® EXTRAPwCIPHER, 141
c OLATION 1S LOGARITHMIC, CIPHER 142
L C— ClPFER 14}
39 1ToFFe0 CIPrER 144
37 IFCToLToTTC(1))ITCFFRY ) — = e CIPHER 145
43 DG 300 y=2,NT CIprHER 146
us Nigl k. e SN NI S R B CIPHER, 147
ae IF((TeTI(1)) . LE.1eE®u) GO TO 310 CIPHER 148
= s2 300 CONTINUE _ _CIPMER, 149
54 1TnFFs2 CIPHER 150
S5 31n  CONTINUE O O R P S S e CIPHER, 151
sS I1PADENOFFet CI1PHER, 162
57 NADDZITCFF ¢l e EIE T S S o R TR L SRR CIPHER 153
61 GC TL (4q0,420,040),NADD CIPHER 144
.67 41a GU TO (4k0,440,500), PAD _CIPHER 1585
76 420 60 TU (560,560,500),1PAD CIPHER 156
105 ddan GO 10 (5?_005?00500’01?‘0 g e i e i el i CIPHER 197
114  d6n CONTINUE CIPHER 158
122 FTaCTI(Ng)=TY/ZCTT(NTI)=FI(NEmE)) . P R S e CIPMHER 159
126 FTaAMAXY (0,0 AMINTI(FT,1,4)) CIPKER 160
3855 Al gFP*FTY , s, —— CIPFER, 1061
136 Alz(l.=F7)eFp CIPHER 02
137 ASgFT#(1 aFP) SRR SR SR Sl o CIPHER, 163
141 Als(le=Fr)n(y,=Fp) CIpHER 104
142 XXX (Nl ,Noel) R i i et e - CIPHER, 165
144 x22XX(NI,N2=1) CIPHER 166
e 385 .. xX3aXX(NJaisN2) CIPHER 167
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CIPHER

ST ARG -

147
151
171
171
172
177
204
206
211
220
222
225
225
2Y0F ===
231 1
232 47a
232
234
234
S38- b
240 4nmn

2uo0

251

252 500
252

253

254 520
254
255 .. .
261

261

263

274

276

304 _ ..
312

312 S30

312

314

314 Sap
314

34S Sk
315

320

326

331

337

350

| 7 S

XUz XX(Ng,ND)

RGzSIRT(ABRS(ayaX10024A20X20020A3 X NR20AUnXURRY)) — —

R2zRU*RE

R3gRO*R2

XxTEw222,4P#R3/(R3"1)

YEgORT (XTEM2) S
YTEM2ER2aXTEND

1P CYTER2 | Ten, 0)YTEMRRO,0
Y3aSORT(yTEMD)*y 017

IFCINFLG ER,1) GC TO 470
IF(RG,6T,1,065) GO TD 480

INFLGEY —— -

PIpPe,001¢PP
XSgX-

GU 10 10
CONTINUE WO
DELX3Yex§

¥3y§ A
1F(PELX,GT,0,0) YSmy
6O YO 800

CONTINUE

THe FACTOR 1,01y IS
T2 FROM SYZYGY,
tFCToLTRNOUTT(FP,PS)N2)) Y3mY

HERE BECAUSt OF TmE SLIGHT gRRCR RETURNED 1IN

GG 10 800 - -
CUNTINUE

NFL AGs}Y e e
60 TO 800

CONTINUE

nFy AG=2y

IFC(TMETA.GT42.617) GO.TO 800

nF aGeg
IFcTHETA LT,0,3) GO 1O S30

THESSVNCOM# (1, 4,5/RRa*3)#SINC(TKETA

THASTHETA=THES
1 (Th0,LT.0,401) GO TO 530
XaRR*SIN(THD)Y

72,)/RR*OTE

60 10 600
CONTINUE

POINT LIES Oy EXTREMELY SMALL STREAM PUNCTION ANg IS CLOSE
70 RISE AXISee APPROXIMATE X CCURDINATE,CALCULATE Y FRUM X,

X2aMal 04
GQ 10 600
CONTINUE
G0 10 800
CONTINUE
TOTF=TZmTLASTT

XZSGRT(P)*RLASS
YRL3ABS(RL2eXaX)
YELSQRT(yRL)

IFCTeLTROOTT(FP,PS,N2)) YBeY

Yay+VNURMTTDIF
60 .10 800
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CIPFER 168
ClomeR 169
CIPHER 170
CIPRER 171
CIpHER 172
CIPHER 173
CIPHER 174
CIPFER 175
CIPKER,176
CIPHER 177
CIPHER 178
CIPHER 179
CIPHER 180
ClerER 181
CIPHER 182
CIPHER 163
CIPHER 184
CIPHLR 185
CIPKHER 186

~ CIPHER, 187

CIPHER 188
CIPHER 189
CIPHER. 190
C1PHER, 191
CIFRER 192

_CIPHER, 153

CIPHER 194
CIPHLR. 195
CIPHER 196
CIPHER 197
CIPKER 198

_CIPHER,199

CIPHER 200
CIPHER 201
CIPHER 202
CIPKHER, 203
CIPKER 204
CIPHER, 205
CIPHLER 206
CIPKER 207
CIPHER 208
CIPHER 209
CIPHER 210
CIPKER, 211
CIPEER 212
CIPHER 213
CIPKER 214
CIpmER 215
CIPHER 216
CIPHER, 217
CIPHER 218
CIPHER 219
CIPHER 220
CTPMER P21
CIpntR 222

—C1PHLR 22}

|
q




B L B RSV

E
4
s
CIPHER

353 60n  CONTINUE CIPRER,224

sy L e e NN e Clphek 2295

355 ONAM=ARS (x2=2,%P)¢,00000} CIPHER 228
361 YEABS((XP/DNOM)a % 666669X2) - - oo e e s e o CIPHER 227 f
365 YELSURT(y) CIPHER 228 |
g 373 1F(ToLT.RNOTTLFP,PS)N2)) YBOY- - oo oo CIPHER, 229 |
3 404 800 CONTINUE CIPmER 230 |
- 400 - RE TURN -~ CIprER, 231 !

4o0S ENp CIPMER, 2352

SUBPRQGRAM | FNGTH
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TV EETTTCRT VR

SCHCK

SURROUTINE SCcHCX (X0U, K.ALPHA.KSAV) - SCHCK, 2

e B R - 8fuCK, 3
(2 THYS SUBROUTIME cALcuLATES YHE SHOCK UISPLACE"ENV SCHCK .4

[4 OF PUINT XOU FROM EVENT KsGIVING THE Nbw PUSITION XSAV, SCHCK 4§

c SCHCK, 8

c INPUTS : =t e e SCHCK,7

c X0y 3INITIAL POSITION SCHCK , A
———————— C——— K3pVENT NIIMAER e SCHCR ,9
c ALPHASSHNCK SCALING PARAMETER SCHCK, 10

c e SCHCK,. 41

c outPyr SCHCK,12

(4 e SCHCR, 13

c xs.v-Fx~.L 9USIT!ON AFYER DISPLACEFENT SCHCK, 14
——— S -5CnCK,15
c YIHE OEPENOEKT MnDEL PARA*ETERS GECTD,2

- - - CCuMON /GEUTD/ NFe INDXF(S0), STF(S0)s RLF(S50), WF(S0), GLCF(SN)s GENTD,3

1 GLFCY0) s WrAXFISO)s HMINF(S0)s KINCF(S0), TILTF(S0)4GFOTD,q

2 AGE(50), NoTA, IANDXD(100), ULAbL(100), wOR(100), GFNTD,s

3 HAR(100)y RTESCL00) ) RLBS(10G)) nRS(100), RNBS(100),GECTD,s

4 - -~——- - GCRTA(100),GLATA(1G0),TF(50),TCHAR(S0),4KGLIC(50), GENTD,.?

S XERUS0)pYFR(50),2ZFR(50),RUT (S0 GENTD,8
COuMON/RANDAT/XIN(3,10) s XEV(3510),REINCIG),REVC10)YXYZ(3010), RADDAT 2

1 VRZ(10)sCcVEC(30s10) RADDAT 3

¢ = ; ’ it D o WADDAT 4

c EVENTY PARAMETEPS EVENTX 2
————— CUuMON JEVENTX/ NX, 1DXp 18(50)s HR(S0), GCB(50), GLB(SO)s»- - EVENTX 3
b 106AD(50)y RuOBISN), HOBR(50), TEMK(S0)s VRISE(SO0),EVENTX, 4
2 RDZERO(50), wmZERGIS0), rUZLRG(S50), BXE(90), EVENTY S

3 BYB(S0)» BZB(S0)s LHVB(SU))XALPKA(S0), KALCH EVENTX &

[+ SCHEK 19

¢ FINAL POSITION OF EVENT K, FIRST FIND DISTANCE BETWEEN NP

—— -~ € - - EVENT AND POINT,o-——- SCHCR, 21
c SCHCK, 22
DIMENSION XOye3),XSAV(3),C(3),0¢3) . . . SCHCK, 23

cALL suevfc(xnu.xl~(1px):c) SCHCK, 25

1 SR=XMAG(C) ; el e e e : SCHCK, 26

17 SRy AMzSR/ALPMA SCHCK, 7

—— 20 ... DLAMZ0,006/(SRLAM*(2, osm,An)l SCHEK, 28
23 SRNEWISR _OLAMAALPHA SCHEK, 29

25 calL UNITV(C,D) S o S s e S SCHCK 430

27 Cly)=SRNEwWeD(Y) SCHCK 31
31 C(>)=SRNEWaD(2) i At L et o, S b SCulK, 32
32 C(3)ISSRNEW#D(S) SCHCA .33
L | [ abgl il — - -8CHCK, 34
36 CALL VECLIN(Ae.XIN(l K).AB-C KSAV) SCHEK, 35

' RETURN i e e e i S o SCHCK 37

47 END SCHCK, 38

"SUBPROGRAM | ENGTH
00101
FUNCTION ASSIGNMENTS
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ROQTY
FUNCTION aOOTY(FP:PS,NZ) RONTY, 2
= c e e e L IROOT e
c THTS FUkc1IOh SUBPRNGRAM CALCULAYES THE TIME conrouﬂ THAY ROANTT .4
c CROSSES ZERT AT A GIVEN STHREAM FUNCTION VALUE kNOTT,5
C RNOTT .8
c INpUT - —— e s e e RONTT,7
c INPUT DEFINED IN CIPHER ROOTT, 8 |
R C = RONTT .9 I
4 QuUrPUT ROQTT,10
1 ¢ RONTT=TIME OfF CONTQUR CRUSSING ZERO AX]IS FOR GIVEN X - — ROOTT,11
1 c RNOTT,12
] DIMENSICN PS(15),TCRS(15) KONTT, 14
DATA TCRS/4e306,34581,20770047101, ovo.vao..a09..se¢..ulxe:.sos. KNOTT415 |
e 0223,412270,068,,0158¢400013/——— RONTT416 (4
‘ AlzFP KONTT,47
b [ 4271 ,%FP Lo L S RONTT 48
10 yC= TCRS(uz)--A:-xtnS(Na-\)atsx RNOTT .19
) 17 RCATTaYC Sl - — = ROOTY, 20
21 RETURN RODYT,23
e e ) e _ROQTT, 24

SUBPRNGRAM | ENGTH e, g L
00056 e

o

AT T
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e U DN

DI8car s A el i)
SUBROUTINE O18CaP(P,QsD,m,31,0187,3R2Y) DISCAP,2
(3 ok . DISCAP,S
T e TWIS RUUTINE FINGS TwE CLOSEST DISTANCE YO TWE LINE OF CEMTERS D1sCaP,4
(4 CF INITIAL EVENY PUSITICN aND FINAL EVENT POSITICN, CISCAP,S
c UBES VECTOR ANALYSIS AND ROSCCE (IBRARY, D1sCAP, 6
c N L0 TN O 0lsCap,7
B DIMENSICN PU3),0(3),C(3),F(3),R(3)sH(3) T VISCAP,A
DIMENSICN D(Y) _ DIsCaP,9
ga APE} D1sCAP, 10
12 CaLL Suevec(q,P,C) A B T e b LS ki 4 i 018CAP, :
15 CALL SUBVEC(D,P,F) i DIsCAP,12
23 CALL PRCJ(F,C,G) S T SR T e 1 DISCAP,1}
26 CALL SU®VECI(G,F,R) 0ISCAP, 14
31 DISTEXMAG(R) _DISCAP,1S
a2 CALL VECLINCAR,D,AP,RVF) DISCAP, 16
as §R21EXMAG(C) o S s R e e o, e D1sCARP,1?
50 S18XMAG(G) TR Ey DISCAP, 18
c 5 = o Myt g = DlsCaP, 19
(2 DETERMINE THE SENSE OF G WITHM RESPECT 70 C ~ g pIsCAP,20
4 DlsCap,2q
TTT 82 T T AmeCOT(C,6) T 77 DIsCAp,22
64 SIZSIGN(SE,AM) 0IsCAP,23
73 RETURN o et s T i e DISCAP, 24
73 END DISCAP,25

SUBPROGRAM LENGTH
0012S




R L

EVENAD
SUBROUTINE EVENAD(SPUUINAL,PXYZ,XCV) EVENAD,?
c EVENAD,S
e e THIS SuUBPRCGRAM DCES TWe VECTCR AODITION CF THE PUSITION PxYZ EVENAD.4
1 c TC GIVE A FINAL DISPLACEMENT el =) ; EVENAD,S
7 c EVENAD, 6
4 INPUTS E e EVENAD,Y
s ¢ T EVENAD (B
(4 SPCU(3,L)aPOSTTION ARRAY OF POINT AFTER AFFECT FROM EVENT L EVENAD,9
€ NAJSNUMBER VECTORS ~ "TEVENAD 410
c N S, o N T e EVENAD, 1}
c ouTtPUTY Sheiacg = 2% g S EVENAD, 12
4 ny': % ) EVErnAD,13
(4 XCU(3)sFINAL VvECTOR POSITION EARS R EVENAD, 14
c ~ EVENAD,1S
T DIMENSICN SPOUCY,NAT).PXYZ(3).XOUC3),C(3) EVENAD, 16
CALL XMIT(e3,0,40,C) o e EVENAD, 17
10 NvisNAjey EVENAD, 18
1a DC 100 Lsy,NMy et =t gl . o £ AL, Bl ) EVENAD, 19
16 LLsLed EVENAD,20
17 Asy ~ EVEMNAD,2%
et | eSS T EVENAD,22
23 CALL VECSUM(A,SPCUCI,L),B,SPOUCT,LLYIC) ) EVENAD,23
37 1400 CONTINUE 3 EVErAD, 24
a BSURE>] ,oF OAT(NMY) - EVENAD,2S
e caLL VtcLx~(A.c.ssuB.Plvz.loU) R e e A e EVENAD, 26
QY RETURN EVENAD,27
TTTTT s N T e T EVENAD,28

SUBPROGRAM LENGTH

00077y — A T e e
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SECTION VI
TYPICAL OUTPUT

Three test problems were run to give some typical output from the
flow field models. Each test problem consisted of finding a position at
burst times of a given particle at the calculation times. The first two
problems consisted of a single event at 43 km and a spherical Vortex radius
of 8.68 km. The last test problem consisted of a five burst scenario at

relatively small yields and altitudes.

The output gives the number of actual events that have occurred
as distinguished from hydromerged events. The values of the parameters
are given for both the initial and the calculation time. The initial
parameters are labeled with the '"Type'" - INITIAL; the calculation time
parameters have a "Type' - ACTUAL. The height, colatitude and longitude
are given along with the indexes of the fireballs affecting the point. The

position of the point at the burst time is then given.

For example, the first test problem has a point at 48 km at
2.7 sec; at 0.0 sec the point is at 41 km. The drastic change is altitude
for such a short time span is a result in assuming that the shock arrives
instantaneously at burst time. A correction of this error has been made
and will appear in the next version. The shock error is even more apparent
for the given point at 70 km at 2.78 sec which was at 53 km at 0.0 sec.
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e e

|

OUTPUT FOR FLCw FIELD TEST == PROBLEM NUMBERS !

NUMBER OF ACTUAL EVENTS 8
CCORDINATES al BURST TIMt FOR 1 EVENTS

EVENT NO, TIME FEIGHT(Kk™) CCLATITUPE LUNGITUDE RADIUS(KM) VELOCITvY(KM/S) TYPE

1 0,00 43,0000 41,2988 238,9807 8,68003

COORDINATES OF 1 EVENTS AY CalLCULATIUN TIME = 2,780

0+0000000INITIAL

EVENT NO. TIME WEIGHT(KM) ¢CLATITUDE LUNGITUDE RADIUS(KM) VELOCITY(KM/S) TYPE

1 .78 4341565 44,2988 238,9807 6,34633
POSITION OF POINT AY CALCULATION TIME = 2,788EC

HEIGHT(KM) COLATITUDE LONGITUDE
45,0000 41,2449 238,9807

POINT APPEARS INSIDF RURST NUMBER 1

HEIGHT(KM) COLATITUDE LONGJ]TUDE
5140000 43,2449 238,9807

NUMBER OF EVENTS AFFECYING PCINT = | INDEXES ARE 1
POSITIONS UF PUINT AT EVENT TIMES

EVENT TIME MEIGHT(KM) COLATITUUE LCNGITUDE

1 0,00 46,3049 ay1,289S 238,98070
WEIGMT(XM) COLATITUCE LONGITUDE
40000 41,2049 238,9807
NUMBER OF EVENTS AFFECTING POINT 3 { INDEXES ARE 1

POSITIONS UF POINT AT EVENT TIMES

EVENT TIME MWEIGHT(XM) COLATITUDE LCNGJTUDE
1 0600 d1,3261 41,2960 238,98070

HEIGHT(KM) COLATITUDE LONGITUDE
4440000 41,2449 238,9807
POINT APPEARS [NSIDE BURST NUMBER 1
HEIGHT(XM) COLATITUDE LONGITUDE
7040000 41,2449 238,.9807

NUMBER OF EVENTS AFFECTING PCINT B 1 INDEXES ARE 0
POSITICONS OF PUINT AT EVENT TIMES

EVENTY TIME MHEIGHT(KM) COLATITUDE LONGITUDE
1 0600 53,3256 43,2781 238,98070

60
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COORDINATES OF 1 EVENTS AT CALCULATICN TIME =

254000
EVENY NO, TIME wEIGHT(xM) C€CLATITURE LUNGITUDE RALIUS(XM) VELGCITY(kM/S) TYPE

1 25,00 56,9528 41,2988 233,9807 11,8927

POSITION OF POINT AT CALCULATION TIME =

MEIGHT (kM) COLATITUDE LONGITUDE
US,0000 43,2449 238,9807

NUMBER OF EVENTS AFFECTING PRINT 2 1 INDEXES ARE 1
POSITIONS GF POINT AT EVENT TIMES

EVENT TIME HMEJGHT(XM) CGLATITUDE LONGITUDE
{ 0,00 44,2030 41,2489 238,98070

HEIGHT(Kv) COLATITUDE LONGITUDE
51,0000 41,2u49 238,9807
POINT APPEARS INSIDE BURST NUMBER H

HEIGHT¢AM) COLATITUDE LONGITUDE
68,0000 43,2449 38,9807

POINT APPEARS INSIDE BURST NUMBER 1
HEIGHT(KM) COLATITYDE LONGITUDE

84,0000 43,2049 238,9807

NUMBER OF EVENTS AFFECTING PCINY & { INDEXES ARE 1}
POSITIONS OF POINT AT EVENT TIMES

EVENT TIME HEIGHT(KM) COLATITUDE LCNGITUDE

1 0,00 43,3918 Uy ,24p0 238.,98090
HEIGHT(KM) COLATITUDE LONGITUDE
7000000 432049 238,98¢7
NUMBER OF EVENTS AFFECTING POINT ® 1 INDEXES ARE )

POSITIONS OF POINT AT EVENT TIMES

EVENT TIME WEIGHT(KM) COLATITUDE LCNGITUDE
1 0,00 42,7415 41,2993 238,98070
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NUMBER

EVENTY

1

NUMBER

EVENTY

1

NUMBER

EVENT

NUMBER

EVENT

COORDINATES OfF 1 EVENTS AT CALCULATION TIME s
ZVENT NO, TIME MEIGHT(KkM) COLATITUCE LUNGITUDE RADIUS(XM) VELOCITY(KM/S) TYPE

S$0,000

1 50,00 715777 41,2988 236,9807 17,34179

POSITION OF POINT AT CALCULATION TIME a $S0,008EC
HEIGHT(KM) COLATITUDE LONGITUDE
45,0000 41,2449 238,9807
OF EVENTS AFFECTING PQINT = 1 INDEXES ARE 1
POSITIONS OF POINT AT EVENY TIMES
TIME HEIGHTY(xM) COLATITUDE LONGITUDE
0,00 00.7787 01.2“26 2!8_98070
HEIGHY(KM) COLATITUDE LONGITUDE
S1,0000 44,2449 238,9807
OF EVENTS AFFECTIANG POINT ® 1 INDEXES ARE )
POSITIONS UF POINT AT EVENT TIMES
TIME PKHEIGHT(KM) COLATITUDE LONGITUDE
0400 48,8496 41,2555 238,98070
HEIGHT(xM) COLATITUDE LONGITUDE
48,0000 41,2449 238,9807
OF EVENTS AFFECTING PRINTY B 1 INDEXES ARE i
POSITIONS OF POINTY AT EVENT TIMES
TIME HEIGHT(XM) COLATITUDE LONGITUDE
0,00 46,8392 41,2483 238,98070
HEIGHT(KM) COLATITUDE LONG]ITUDE
44,0000 4y ,2449 238,9807
OF EVENTS AFFECTING PCINT ® 1 INDEXES ARE )
PUSITIONS OF POINT AT EVENT TIMES
TIME HEIGHT(XM) CcOLATITUDE LONGITUDE
0,00 44,1808 4y,2019 238,98070
HEIGHTY(XM) COLATITUDE LONGITYDE
70,0000 4y,2449 238,9807
POINT APPEARS INSIDE BURST NUMBER 1
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NUMBER

EVENT

1

NUMBER

EVENT

1

NUMBER

EVENT

NUMBER

EVENY
)

COORCINATES CF 1 EVENTYS AT CALCULATION TIME 3 75,000
EVENT NO, TIME MEIGHT(kM) CCOLATITUDE | UNGITUOE RAVIUS(A™M) VELOCITY(KkM/S) TYPE

1 75,00 83,6563 ¢y,2988 238,9807 22,69456
POSITION OF POINT AT CALCULATIUN TIME m»  75,008EC

MEIGHT(KM) COLATITUDE LONGITUDE
45,0000 43,2449 38,9807

OF EVENTS AFFECTING POINT = 1 INDEXES ARE 1}
POSITIONS OF POINT AT EVENT TINMES

TIME HEIGNT(KM) COLATITUDE LONGITUDE

0,00 44,5750 ug 2413 238 98070
MEIGHT (K™) COLATITUDE LONGITUDE
S140000 41,2449 238,9807
OF EVENTS AFFECTING PQINT = 1 INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
TIME MEIGHT(KM) COLATITUDE LONGITUDE

0,00 49,4407 01,2541 234,98070
HEIGHT(KM) COLATITUDE LONGITUDE
48,0000 43,2049 238,9807
OF EVENTS AFFECTING POINT = 1 INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
TIME HEIGHT(RKM) (COLATITUDE LONGITUDE

0400 47,0339 u1,2453 238,98070
MEIGHT(KM) COLATITUDE  LONGITUDE
4440000 41,2449 38,9847
OF EVENTS AFFECTING POINT 8 | INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES

TIME WEIGHT(KM) COLATITUDE LCNGITUDE
0.00 44,0560 ay, 2410 238,98070

HEIGHT(KM) COLATITUDE  LONGJTUDE
70,0000 41,2449 238,9807

POINT APPEARS INSIDE BURST NUMBER 1
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QUTPUT FOR FLGw FIELD YEST == PROBLEM NUMBER® 2

NUMBER OF ACTUAL EVENTS & |
CCNROINATES AT BURST TIME FCR 1 EVENTS
EVENT NO, TIME HKEIGMT(kM) CCLATITUDE LOANGITUDE RADIUS(XM) VELOCITY(KkM/S) TYPE
) 0400 43,0000 41,2988 238,9807 8,68003 0+0000000INITIAL

COORDINATES OF 1 EVENTS AT CALCULATION TIME = 25,000
EVENT NO, TIME HEIGHT(xM) (CLATITUDE LUNGITUDE RADIUS(KM) VELOCITY(RM/S) TYPE
1 25.00 56,9528 41,2988 236,9807 11,80217 05581814 ACTUAL
POSITION CF POINT AT CALCULATION TIME 8  25,008EC

REIGHT(KM) COLATITUDE  LONG]TUDE
43,0000 41,2988 238,9807

NUMBER OF EVENTS AFFECTING PQINT B 1 INDEXES ARE H
POSITIONS OF POINT AT EVENT TIMES

EVENY TIYE HEIGNT(XM) COLATITUDE LONGITUDE

1 0,00 38,3511 4l 2987 238 98096
HEIGHT(KM) COLATITUDE LONGITUDE
41,0000 41,2444 238,9807
NUMBER OF EVENTS AFFECTING POINT 8 1 INDEXES ARE 1

PCSITIONS OF POINT aT EVENT TIMES

EVENT TIME HEIGHT(KmM) COLATITUDE LONGITUDE

1 0,00 40,4063 41,2390 238,98070
HEIGHT(K™) COLATITUDE LONGITUDE
39.0000 41,2444 238,9807
NUMBER OF EVENTS AFFECTING PQINT = 1 INDEXES ARE 1

PNSITIONS OF POINT AT EVENT TIMES
EVENT TIME HMEIGHT(XM) CcOLATITUDE LCONGITUDE

1 0400 38,6152 41,2378 238,98070
HEIGHT(XM) COLATITUDE LONGITUDE
35,0000 43,2444 238,9807
NUMBER OF EVENTS AFFECTING PCINT = 1 INDEXES ARE 1

POSITIONS OF PUINT aT EVENY T1IMES
EVENT TIME MHEIGHT(X4) COLATITUDE LCNGITUDE

1 0,00 35,0228 ay, 2384 238,98070
HEIGHT(KM) COLATITUDE  LONGITUOE
25,0000 44,2444 238,9807
NUMBER QF EVENTS AFFECTING PCINT = 1 INDEXES ARE 0

POSITIONS OF POINT AT EVENT TIWES

EVENT TIME HMEJGHT(KM) COLATITUDE LONGITUDE
1 0,00 2502218 41,2450 238,98070
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CNORDINATES OF 1 EVENTS AT CALCULATION TIME = 50,000
EVENT NDs  TIME KEIGHT(KM) CCLATITUDE LONGITUDE RADIUS(KM) VELOCITY(KM/S) TYPE
1 S0,00 715777 41,2988 238,9807 17,34479 ¢S715537 ACTUAL
PGSITION OF POINT AT CALCULATION TIME & S0,00SEC

HEIGHT(KM) COLATITUCE LONGITUDE
4340000 41,2988 238,9807

NUMBER OF EVENTS AFFECTING POINT a | INDEXES ARE 1
POSITIONS OF PUINT AT EVENT TIMES

EVENT TIME HEIGHT(XM) CCLATITUDE LONGITUDE

1 0,00 38,3162 uy, 2987 238,98094
HEIGHY(XM) COLATITUDE LONGITUDE
41,0000 44,2444 238,9807
NUMBER OF EVENTS AFFECTING PrINT 3 {1 INDEXES ARE 1

PDSITIONS UF POINT AT EVENT TIMES
EVENT TIME HEIGHT(KM) COLATITUDE LONGITUDE

{ 0,00 40,6565 4),2366 238,98070
HEIGHT(XKM) COLATITUDE LONGITUDE
39,0000 41,2444 238,9807
NUMBER OF EVENTS AFFECTING POINT ® {1 INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
EVENY TIME HEIGHT(KM) COLATITUDE (LONGITUDE

1 0.00 38,5640 41,2355 238,98070
HEIGHT(XM) COLATITUDE LONGITUDE
35,0000 43,2444 238,9807
NUMBER OF EVENTS AFFECTING POINT & 1 INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
EVENT TIME HEIGHT(KM) COLATITUDE LONGITUDE

1 000 34,7834 41,2375 238,98070
HEIGHT(KM) COLATITUOE LONGITUDE
2540000 41,2444 238,9807
NUMBER OF EVENTS AFFECTING POINT = { INDEXES ARE 0

POSITIONS OF POINT AT EVENT TIMES

EVENT TIME HEIGHT(KM) COLATITUDE LONGITUDE
1 0,00 2902218 41,2450 238,98070
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)

NUMBER

EVENY
1

NUMBER

EVENY

NUMBER

EVENY

NUMBER

EVENTY
1

CONRLINATES OF {1 EVENTS AT CALCULATION TIME =
EVENT MO, TIME REIGHT(kM) (COLATITUDE LUNGITUUE RADIUS(kM) VELOCITY(kM/S) YYPE

75,000

1 75,00 83,6563 41,2988 238,9807 22,6945¢6

POSITION OF POINT AT CALCULATIUN TIME =

HEIGHT(KM) COLATITUDE  LONGITUOE
43,0000 41,2988 238,9807

OF EVENTS AFFECTING POINT a2 {1 INDEXES ARE i
POSITIONS OF POINT AT EVENT TIMES

TIME MEIGHY(XM) COLATITUDE LONGITUDE

0,00 38,3387 44,2987 238,98095
HEIGHT(KM) COLATITUDE LONGITUDE
41,0000 4y,2444 238,9807
OF EVENTS AFFECTING POINT = {1 INDEXES ARE 1

POSITIUNS OF PUINT AT EVENT TIMES
TIME HEJGHT(KM) COLATITUDE LONGITUDE

0,00 4041993 41,2370 238,98070
HEIGHT(KM) COLATITUDE  LONGITUDE
390000 43,2440 238,9807
OF EVENTS AFFECTING POINT = 1 INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
TIME MEIGHT(KM) COLATITUDE LONGITUDE

0400 38,2960 41,2358 238,98070
HEIGHT(KM) COLATITUDE LONGITUOE
35,0000 41,2444 238,9807
OF EVENTS AFFECTING POINT 8 | INDEXES ARE 1

POSITIONS OF POINT AT EVENT TIMES
TIME HEJGHT(KM) COLATITUDE LONGITUOE

0400 34,4239 41,2379 238,98070
HEIGHT(KM) COLATITUDE  LONGITUDE
2540000 41,2444 238,9807
OF EVENTS AFFECTING POINT ® | INDEXES ARE 0

POSITIONS OF POINT AT EVENT TIMES

TIME MEIGHT(KM) COLATITUDE LONGITUDE
0.00 25,228 43,2450 238,98070
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OUTPUY FOR FLCw FIELD TESY == PROBLEM NUMRERS 3

NUMBER (OF ACTUAL ELVYENTS B §

COQRDINATES AT BURST TIME FOR S EVENTS
EVENT NO, TIME HKEIGWT(xM) (CLATITUDE LUNGITUDE RADIUS(XM) VELOCITY(KkM/S) TYPE

1 0,00 540000 41,2988 239,0093
2 0,00 9,1500 41,2988  238,9807
3 20 9,5000 41,2988  233,9807
4 12,00 12,0000 41,2988  239,0093
S 20,00 11,5000 41,2988 239,0093

COORDINATES OF S EVENTS AT CALCULATION TIME a

226705 040000000INITIAL

026705 00000000INITIAL

26705 0,0000000INITIAL

26705 0,0000000INITIAL

026705 0,0000000INITIAL
22,000

EVENT NOD. TIME NKEIGWT(xM) eCLATITUPE LUONGITUDE RADIUS(KM) VELOCITY(KM/S) TYPE

§ 22,00 S.9868 41,2986 239,0093 .55334 20448540 ACTUAL
2 22400 10,2207 41,2988 238,9807 52425 20486689 ACTUAL
3 22.00 10,6602 41,2988  238,9806 53710 20532197 ACTUAL
a4 22,00 12,7610 43,2988 239,0093 56068 20761038 ACTUAL
S 22,00 11,5083 41,2988  239,0093 ,80005 00043602 ACTUAL
PCGSITION OF POINT AT CALCULATION TIME = 22,00S€C
HEIGHT (kM) CCLATITUDE LONGITUDE
99,0000 43,2998 238,9864
NUMBER OF EVENTS AFFECTING POINT @ | INDEXES ARE 2
POSITIONS OF POINT AT EVENT TIMES
EVENY TIME HEIGHT(KM) COLATITUDE LCNGITUDE
1 0.00 8,9472 41,2968 238,98617
2 0,00 8,9509 a1,2988 258,98615
3 .20 8,9539 uy,2988 238,9868%0
4 12,00 8,9343 41,2988 23R,98650
S 20,00 8,9745 ul,2968 238,98679
MEIGHT(XKM) COLATITUDE  LONGITUDE
9,1500 4y,2988 238,9864
NUMBER OF EVENTS AFFECTING PCINT 3 2 INDEXES ARE 2 3
POSITIONS OF POINT AT EVENY TIMES
EVENT TIME MHEIGMT(®M) COLATITUDE LONGITUDE
1 0.00 9,0902 41,2998 238,9861%
2 0,00 9,0938 41,2986 238,98611
3 .20 9,0276 uy,2968 238,98677
4 12,00 9,0163 41,2988 238,98656
S 20,00 9,0570 ul, 2988 238,98682
MEIGHT (KM) COLATITUDE LONGITUDE
99000 4],2988 238,9864
NUMBER OF EVENTS APFECTING PCINT ® 2 INDEXES ARE ] 3
POSITIONS OF POINT AT EVENY TIMES
EVENT TIME HEIGHT(XM) COLATITUDE LONGITUDE
1 0,00 9,9259 41,2988 238,98459
2 0,00 9,9289 ay,2968 238,98457
’ alc '08’2‘ ll.BQGE 236.96“7'
a4 12,00 9,9681 a),2988 238,98715
S 20,00 9,895 4y,2968 238,98776
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MEIGHT (KM)
10,8000

CULATITUDE  LONGITUDE
41,2988 238,986

POINT APPEARS INSIDE BURST NUMBER 3
MEIGHT(KM) COLATITUDE  LONGITUDE
11,2000 41,2988  238,9864

NUMBFR OF EVENTS AFFECYING PCINT & 1 INDEXES ARE 3
POSITIONS OF POINT AT EVENT TIMES

EVENT TIME HEIGHT(KM) COLATITUDE LCNGITUDE

1 0,00 10,9589 41,2988 238 ,984BY7 4
2 0400 1049615 41,7988  238,98486 :
3,20 10,9726 01,2988  238,98489 |
8 12,00 11,0068 41,2988  238,98545 |
S 20400 1141508 41,2988 238,98800 }

COORDINATES OF S EVENTS AT CALCULATION TIME = 30,000
EVENT NO, TIME HEIGRT(KM) CCLATITUDE LONGITUDE RADIUS(KM) VELOCITY(KM/S) TYPE

1 30.00 6,300% ug,298a 239,0093 066313 «0433504 ACTUAL
2 30,00 105424 41,2988 238,9804 283083 s0464166 ACTUAL
3 30,00 109904 41,2988  234,9803 buubd 00500237 ACTUAL
& 306,00 13,3330 41,2988 239,0093 67395 00740575 ACTUAL
S 30,00 12,2492 a4y ,2988 £39,0093 1,06126 «0749170 ACTUAL
POSITION OF POINT AT CALCULATION TIME = 30,008EC
HEIGHT(KM) COLATITUDE LONGITUDE
9.0000 41,2988 238,9864
NUMBER OF EVENTS AFFECTING PQOINT = 1 INDEXES ARE 2

POSITIONS OF PUINT AT EVENT TIMES
EVENT TIME MHEIGMT(KM) COLATITUDE LONGITUOE

1 0,00 8,9360 ay 2968 238,9R620
2 0,00 B,9398 4y,2988 238,986117
3 420 8,9u27 a1,2988 238,98652
8 12,00 8,9237 41,2988 238,986S3
S 20400 84,9644 q1,2988 238,98684
HEIGHT(KM) COLATITUDE LONGITUDE
9.1500 41,2988 238,9864
NUMBER OF EVENTS AFFECTING POINT 3 2 INDEXES ARE 2 3

POSITIONS OF PUINT AT EVENT TIMES
EVENT TIME HEIGHT(X™) COLATITUDE LONGITUDE

1 0,00 9,0802 ay,2988 238,98616
2 0,00 9,0838 gy,2988 238,98614
3 020 9,003%8 a1,2948 238,98682
4 12600 8,9956 ay,2988 238,98662
§ 20400 9,0348 41,2988 2368,98687
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HEIGHT(xM) COLATITUDE LONGITYDE
949000 41,2988 230,9864

NUMBER OF EVENTS AFFECTING PQINT 8 2 INDEXES ARE 2
POSITIONS OF POINT AT EVENT TIMES

EVENT TIME HEIGNT(XM) COLATITUDE LONGITUDE

1 0400 10s00¢22 41,2988 238,9859%
2 0,00 10,0452 4},2988 238,98%92
3 «20 10,013} 41,2988 238,98637
4 12,00 10,0539 61,2988 238,98801
S 20400 10,0126 11,2968 238,98916

HEJGHT (kM) COLATITUDE  LONGITUDE
1068000 41,2988 238,9864

POINT APPEARS INSIDE BURST NUMBER 2

POINT APPEARS INSIDE BURST NUMBER 3

HEIGHT (kM) COLATITUDE  LONGITUOE
112000 41,2988 238,9864

POINT APPEARS INSIDE BURST NUMBER 3
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EVENT

NUMRER OF EVENTS AFFECTING PCINT =

EVENY

VD WN e

NUMBER OF EVENTS AFFECTING POINT &

EVENT

NE WN e

NUMBER OF EVENTS AFFECTING POINT ®

EVENT

VBN -

COORVINATES OF

NO,

VN BN -

TIME
40,00
40,00
40,00
40,00
40,00
40,00

HEIGhT (kM)
6,6980
10,9361
113972
13,877
13,1745
1247447

POSITION OF POINT AT CALCULATICON TIME s

HEIGHT
940

CCLATITUOE
41,2988
4},29R8
41,2988
4},2988
41,2988
41,2988

(KM) COLATITUDE
000 41,2988

POSITIONS OF POINT AT EVENT TIMES

TIME
0.00
0,00
020
40,00
40,00

HEIGHT(KM) ¢OL

8,9217
8,9255
8,9264
8,908%
8,944b

HEIGHY
9l

b EVENTS AT CALCULATICN TIME &
LUNGTITULE

239,0093%
238,9804
218,9802
239,0093
239,0093
239,0093

LONGITUOE
238,9864

{1 INDEXES ARE 2

ATITUDE LONGITUDE

41,2988
4y, 2988
uy,2968
41,2988
a},2988

(Xv) CULATITUDE
500 41,2988

2 INDEXES ARE 2

POSITIONS OF POINT AT EVENT TIMES

TIME
0,00
0,00
20
4000
80,00

HEJGHT(XM) ¢cOL

9.,0677
9,0744
8,9734
8,9634
8,9999

HEIGHT
99

238,98621
238,98618
238,98652
238,98654
238,98681

LONGITUDE
238,9864

ATITUDE LCONGITUDE

41,2988
uy,2988
43,2988
41,2988
01,2988

(kM) COLATITUDPE
000 41,2988

POSITIONS OF POINT AT EVENT TIMES

TIME
0,00
0s00
020
40,00
40400

HEIGHT(KM) cOL

9,6363
9.8394
9,8084
9,7927
9,7619

238,98617
238,98615
238,98684
238,98663
238,98688

LONGITUDE
238,980

2 INDEXES ARE e

ATITUDE LONGITUDE

uy,2988 238,9865S
41,2988 238,98654
41,2968 238,98696
41,2988 238,98927
ay,2988 238,98903
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40,00
RAODJUS (kM) VELOCITY(xM/S)

.78772
075159
216687
83183
1,38873
«10076

0

40,008EC

20424488
0044bST?
204706776
00670375
00837271
040000000

TYPE

ACTUAL
ACTUuAaL
ACTUAL
MERGED
MERGED
MERGED
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